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to  give  more  than  the  usual  amount  of  attention  and  study  to  dm 
hraiK*h  of  the  subject. 

ELEMENTARY  ELECTRICAL  PRINCIPLES 

Knowledge  of  Principles  Necessary.  To  acquire  a  good 
practical  working  knowledge  of  electricity  as  applied  to  the  auto- 
mobile tcxlay,  it  is  essential  not  merely  to  find  out  how  things  are 
done,  either  by  watching  the  other  fellow  do  them,  or  by  stud}in| 
''pictures  in  a  book",  but  also  to  learn  why  certain  things  are  done 
and  ichy  they  are  carried  out  in  just  such  a  way.  In  other  words» 
the  man  whose  knowkxlge  is  based  upon  theory  and  principles 
ap])lics  knowingly  the  cause  to  produce  the  effect  and  is  certain 
that  the  dcsirtxl  effect  will  be  produced.  On  the  other  hand,  tie 
man  who  works  only  with  his  hands  aimlessly  goes  from  one  thing 
to  another  trusting  chiefly  to  luck  to  accomplish  two  things.  One 
of  these  is  to  strike  upon  the  remedy  for  the  trouble  the  cause  ol 
which  is  souj^ht,  and  the  other  is  to  deceive  the  spectator — usually 
the  owner  of  tlie  car— into  believing  that  the  fumbler  really  knows 
what  he  is  about. 

There  are  acc*ordingly  two  distinct  classes  of  knowledge  as 
rt^gards  the  electrical  c(iuipnicnt  of  an  automobile — one  which  is 
j)ickiM.l  up  by  rote,  an  isolated  i)oint  at  a  time,  and  applied  in  the 
Siinie  nianiuT,  and  the  other  which  is  based  upon  a  clear  insight 
into  the  underlying  reasons  for  the  various  actions  and  reactions 
that  make  up  the  dillVrent  electrical  phenomena  involved.  If 
we  want  to  know  what  is  wrong  with  an  electric  motor,  it  is  essential 
that  we  should  know  what  makes  an  electric  motor  operate  when 
everything  is  right.  In  the  same  way,  it  would  be  groping  in  the 
dark  to  attempt  to  investigate  the  reasons  for  the  failure  of  a  dynamo 
to  generate  current,  or  a  storage  battery  to  give  up  its  charge, 
if  we  had  no  knowledge  of  why  a  dynamo,  when  run  by  an  outside 
source  of  energy,  normally  produces  a  current,  or  why  an  accumu- 
lator literally  "gives  back''  what  has  been  put  into  it  when  its 
circuit  is  closed  after  charging. 

It  will  accordingly  be  the  function  of  this  introductory  chapter 
to  give  a  brief  resume  of  the  principles  underlying  the  operation 
of  what  has  come  to  be  the  most  important  auxiliary  of  the  gasoline 
motor   as   applied   to   the   automobile — its  electrical   equipment. 
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of  a  duct  for  the  admission  of  more  air  under  the  impulse  of  a  pow» 
ful  compressor,  in  a  very  short  time  there  will  be  a  marked  difference 
between  the  air  in  this  room  and  the  air  in  the  other  rooms.  Instetd 
of  the  normal  atmospheric  pressure  of  15  pounds  per  square  in(4 
there  will  be  a  pressure  against  all  parts  of  the  room — ^floor,  walls 
and  ceiling — of  50,  60,  or  100  pounds,  according  to  the  length  oi 
time  the  compressor  has  been  working  and  the  degree  of  tightnesB 
with  which  the  various  openings  have  been  dosed.  Thus  thoe 
wuU  be  a  great  deal  more  air  in  the  one  room  than  in  its  neighbors. 
If  it  were  electricity  instead  of  air,  the  room  would  be  said  to  be 
highly  charged. 

The  air  in  this  room,  on  account  of  the  pressure  which  it  is 
under,  is  constantly  seeking  an  outlet,  and  it  will  gradually  leak 
out  through  various  small  openings,  probably  without  its  escape 
being  noticed.  The  same  conditions  obtain  when  a  body  becomes 
electrified  beyond  its  capacity  to  hold  a  charge — ^the  charge  of 
electricity  will  leak  away  without  giving  any  indication  of  its  passing. 
Turning  again  to  the  room  containing  the  compressed  air,  if  a  door 
or  window  of  that  room  is  opened  suddenly,  the  pressure  is  immedi- 
ately released  through  that  opening  and  anyone  standing  in  front 
of  it  would  say  that  a  strong  current  of  air  blew  out.  In  the  case 
of  electricity,  if  any  easy  path  of  escape  is  provided,  the  entire 
charge  will  rush  away  from  the  body,  and  there  is  then  said  to  be 
a  current  of  electricity  ''flowing"  from  this  poiat  of  escape  to  what- 
ever other  object  equalizes  the  pressure  by  becoming  charged. 
An  electric  current  is  accordingly  electricity  in  motion;  it  is  simply 
said  to  flow.  But  to  cause  it  to  do  so  there  must  be  pressure.  The 
electrical  term  for  this  pressure  is  potential  or  voltage. 

Electrical  Pressure.  Ever^-^  day  in  the  year  the  earth  transmits 
a  greater  or  less  proportion  of  its  electrical  charge  to  the  atmos- 
phere, or  .o'.*ceives  a  charge  from  the  latter,  but  unless  the  conditions 
are  favon^ble  there  is  no  visible  indication  of  this  difference  oj 
potential  a.^  it  is  termed.  It  must  be  borne  in  mind  that  this  differ- 
ence of  potential,  or  difference  in  electrical  pressure,  between  two 
points  is  what  causes  a  current  to  flow.  Given  a  hot  day  in  summer, 
however,  when  the  air  is  heavily  charged  with  moisture  and  low 
cumuli,  or  rain-charged  clouds  form  in  great  masses,  then  the 
electrical  charges  from  the  earth  and  the  air  accumulate  in  these 


As  a  practical  application  of  the  preceding  formula,  take  the 
case  of  a  small  conductor  connecting  the  battery  and  starti^ 
motor  of  the  electricral  starting  system  on  an  automobHe.  TV 
diameter  of  the  wire  is  such  that  the  length  required  to  conDeet 
the  two  points  has  a  resistance  of  10  ohms.  One  ampere  is  tht 
amount  of  current  which  will  pass  through  a  conductor  haviDi 
a  resistance  of  one  ohm  under  a  pressure  of  one  volt.  The  startiii; 
system  in  question  operates  at  6  volts.  Hence,  /==iV  =  -6,  i!^ 
is,  the  battery  would  be  able  to  force  only  .6  ampere  through  tint 
small  wire,  and  the  starting  motor  would  not  operate. 

It  is  apparent  from  the  foregoing  that  the  formula  for  Ohm's 

law  may  be  transposed  to  find  any  one  of  the  three  factors  thu 

may  be  unknown.    For  example,  given  the  conditions  just  wat 

tioned,  we  may  determine  how  much  resistance  the  wire  in  questioi 

has.    The  resistance  equals  the  voltage  divided  by  the  current: 

/?  .  6 

that  is,  Ii  =  -r,  or  resistance  equals  —  =  10  ohms.    Or  again,  if  it  is 

I  .o 

desired  to  learn  what  voltage  is  neccvssary  to  send  a  current  of  J6 

ampere  through  a  resistance  of  10  ohms,  the  solution  calls  for  w 

ecjually  simple  transposition  of  the  formula.    Given  any  two  factors 

then  the  third  may  be  readily  determined. 

Ohm's  law  is  absolutely  fmidamental  in  all  things  pertaining 
to  electrical  operation,  and  the  man  who  wants  to  make  his  knowledge 
of  the  greatest  practical  use  will  do  well  to  familiarize  himself  with 
it.  Naturally  it  does  not  enter  into  repair  work  to  more  than  a 
small  fraction  of  the  extent  that  it  enters  into  the  design  of  motors, 
generators,  and  other  electrical  devices,  but  a  knowledge  of  it  b 
of  distinct  value. 

Power  Unit.  To  go  back  to  the  simile  of  air  under  pressure, 
it  is  apparent  that  the  energy  released  by  the  lowering  of  this 
pressure  may  be  made  to  perfonn  useful  work,  such  as  driving  a 
compressed-air  drill,  running  a  small  air  motor,  or  the  like.  So 
with  the  electric  circuit,  the  drop  from  a  higher  to  a  lower  potential, 
which  causes  a  current  to  flow,  is  a  source  of  power.  Electrical 
power  is  the  product  of  the  amperage  or  cuirent  multiplied  by  the 
voltage  at  which  it  is  applied.  The  power  unit  is  the  watt  and  it 
is  equivalent  to  one  ampere  of  current  flowing  under  a  ])ressure, 
or  potential,  of  one  volt.    There  are  746  watts  in  a  horst»power. 
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Electrical  computations,  however,  are  based  on  the  metric  system 
to  a  large  extent,  so  that  instead  of  being  figiured  in  horsepower, 
electrical  energy  is  figured  by  the  kilowatt,  or  a  unit  containing 
one  thousand  watts,  and  the  charge  therefor  is  based  upon  the  length 
of  time  for  which  this  amount  of  energy  is  employed.  From  this 
comes  the  now  familiar  expression  'Tiilowatt-hoiu'". 

The  power  equivalent  is  expressed  as  P=/X-E,  current  multi- 
plied by  electromotive  force  (potential),  and,  as  in  the  case  of  Ohm's 
law,  with  any  two  of  the  factors  given,  the  third  may  be  readily 
determined.  For  example:  How  much  power  is  developed  by 
a  6-volt  starting  motor  if  125  amperes  of  current  are  necessary 
to  turn  the  automobile  engine  over  fast  enough  to  start  it?  The 
amount  of  current  given  is  an  arbitrary  average  taken  simply  fo^ 
the  purpose  of  illustration,  for  in  overcoming  the  inertia  of  an 
automobile  engine  a  great  deal  of  current  is  required  at  first,  the 
drain  on  the  battery  often  exceeding  250  amperes  for  a  few  seconds, 
then  dropping  as  the  engine  turns  over  to  about  50  or  60  amperes. 
Taking  125  as  the  average,  we  have  125X6  =  750  watts =.75  kilo- 
watt, or  slightly  over  one  horsepower. 

Granting  that  one  horsepower  is  necessary  to  turn  over  a 

3i  by  4-inch  six-cylinder  motor  at  75  r.p.m. — a  speed  that  has  been 

predetermined  as  necessary  to  cause  it  to  take  up  its  own  cycle 

under  the  most  adverse  starting  conditions — and  given  a  6-cell 

storage  battery  capable  of  developing  a  potential  of  12  volts,  then 

P  746 

we  have:    I=-r;,  or  current =-—  =  62.1  +  amperes,  which  represent 

£!j  xZ 

the  average  demand  upon  the  storage  battery  to  start  that  engine 
under  normal  conditions.  This  illustration  and  the  previous  one 
show  the  working  of  Ohm's  law;  doubling  the  voltage  halves  the 
amount  of  current  necessary.  As  the  life  of  a  storage  battery  is 
largely  determined  by  the  rapidity  as  well  as  by  the  number  of 
its  discharges,  and  as  the  storage  battery  is  the  weakest  element 
in  any  electric  lighting-and-starting  system,  it  may  well  be  asked 
why  the  12-volt  standard  is  not  universally  adopted,  or  why,  as 
is  done  in  some  cases,  a  24-volt  battery  is  not  employed  and  the 
current  consumption  again  reduced  by  half.  Just  why  this  is  not 
done  is  explained  in  detail  in  the  section  on  the  voltages  employed 
in  electric  starters  generally. 


G>nductors.  To  lead  steam  or  air  under  pressure  frou 
boiler  or  compressed-air  reservoir  to  the  point  at  which  it  is  tc 
utilized  as  energy,  it  is  desirable  to  use  a  conductor  that  will 
waste  too  much  of  this  energy  in  useless  friction.  That  is, 
conductor  must  be  of  ample  size  in  proportion  to  the  volume 
be  conveyed,  smooth  in  bore,  and  free  from  sharp  turns  or  bei 
The  transmission  of  electrical  energy  involves  some  of  the  si 
factors.  While  neither  the  smoothness  of  the  bore  nor  the  presc 
of  bends  and  turns  has  any  effect,  they  have  their  counter] 
in  the  conductivity  of  the  material  of  which  the  wire  is  made, 
size  of  the  wire  in  proportion  to  the  amount  of  current  to  be  car 
being  also  a  matter  of  prime  importance. 

Resistance  of  Materials.  Materials  differ  greatly  in  t 
ability  to  conduct  an  electric  current,  or,  to  put  it  the  other  ^ 
around,  they  differ  in  the  amount  of  resistance  that  they  offei 
the  passage  of  the  current.  Silver  in  its  pure  state  heads  the 
in  the  table  of  relative  conductivities,  and  it  is  accordingly  i 
to  possess  a  relative  resistance  of  one,  or  unity;  the  resistana 
every  other  material  may  be  expressed  by  a  number  which  re] 
sents  the  resistance  of  that  particular  substance  as  compared  v 
pure  silver.  Naturally  silver  does  not  represent  a  great  possibi 
for  commercial  use,  and  so  copper,  which  is  second  on  the  list 
almost  universally  employed.  Pure  copper  is  very  soft  and 
lacking  in  tensile  strength;  it  is  therefore  alloyed,  and  it  is  i 
hardened  in  the  drawing  process;  both  of  these  processes  iqcrc 
its  resistance  slightly  over  the  factor  usually  accorded  it  in 
standard  table  of  specific  conductivities  of  materials.  In  1 
table,  German  silver  (which  is  an  alloy  containing  no  silver  whate 
and  having  but  a  few  of  its  properties),  cast  iron,  steel,  carh 
and  similar  substances  will  be  found  well  down  toward  the  e 
They  are  known  as  "high-resistiince''  conductors  and  are  usui 
used  where  a  certain  amount  of  resistance  to  the  current  is  desiral 

It  must  be  borne  in  mind  that  ability  to  conduct  a  given  amoi 
of  current  without  undue  loss  through  resistance  dei>ends  uj 
the  size  and  the  length  of  the  conductor  quite  as  much  as  uf 
the  material.  In  other  words,  if  a  stt*el  rail  is  only  onc-thirti< 
as  good  a  conductor  as  a  copper  cable,  it  will  require  a  cross-so(!t; 
of  steel  thirty  times  as  great  as  that  of  a  copper  cable  in  order 
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conduct  the  current  with  the  same  ease— that  is,  to  make  a  con- 
ductor of  equal  reastance.  An  illustration  of  this  may  be  seen 
in  the  overhead  copper  wire  of  the  usual  trolley  system.  This 
wire  of  about  one-half  inch  diameter  forms  one  of  the  conductors, 
while  the  two  steel  rails  fonn  the  "return".  A  similar  example 
may  be  found  in  what  is  known  as  the  single-wire  system  of  installa- 
tion for  an  electric  starter  in  automobiles.  A  single  copper  cable 
conducts  the  current  from  the  battery  to  the  starting  motor,  while 
the  steel  frame  of  the  automobile  is  the  return  side  of  the  drout, 
or  vice  versa. 

Voltage  Drop.  It  is  evident  that  the  resistance  of  a  cireuit 
varies  inversely  as  the  size  of  the  conductor — the  larger  the  cross- 
section  of  a  conductor,  the  less  its  resistance — and  increases  directly 
as  its  length,  besides  depending  upon  the  specific  resistance  of  the 
material.  The  specific  resistance  of  the  metals  constituting  elec- 
trical circuits  on  the  automobile  are  (silver  being  I.O);  copper 
1.13,  varying  more  or  leas  with  its  hardness;  aluminum  2.0;  soft 
iron  7.40;  and  hard  steel  21.0.  Thus,  9.35  feet  of  No.  30  copper 
wire  are  required  for  a  resistance  of  one  ohm,  while  only  5.9  inches 
of  hard  steel  wire  of  the  same  gage  are  required  to  present  the  same 
amount  of  resistance  to  the  current.  If  the  length  of  the  conductor 
is  doubled,  its  resistance  is  doubled,  which  accounts  for  the  placing 
of  the  storage  battery  as  close  as  possible  to  the  starting  motor. 
Furthermore,  the  heavy  starting  currents  which  are  required  by 
the  motor  demand  the  use  of  heavy  copper  cable  for  this  circuit. 


have  a  negative  temperature  coefBcient,  that  is,    they  decNue 
in  resistance  with  an  increase  in  temperature. 

It  is  consequently  necessary  to  employ  wires  of  proper  aze 
to  carry  the  amount  of  current  required  by  the  apparatus  in  drcuit 
— such  as  lamps — without  undue  heating,  which  would  cut  down 
the  amount  of  current  flowing.  For  the  same  reason  it  is  al35 
desirable  to  make  the  circuits  as  short  as  practicable,  since  in  addition 
to  cutting  down  the  current,  the  resistance  also  cuts  down  the 
effective  voltage.  That  is,  there  is  a  fall  of  potential,  or  drop  b 
voltiige,  between  tlie  source  of  current  supply  and  the  apparatus 
utilizing  it,  due  to  the  resistance  of  tlie  conductors  between  them. 
This  voltage  drop  is  further  increased  by  joints  in  the  wiring  and 
by  switches.  It  is  apparent  that  the  lower  the  voltage  of  the  source 
of  sui)ply,  tlie  more  important  it  becomes  to  minimize  the  loss, 
or  voltage  drop,  in  the  various  circuits.  For  this  reason  lighting 
or  other  circuits  on  the  automobile  should  never  be  lengthened 
where  avoidable.  When  necessary  to  extend  a  circuit  for  any 
reason,  wire  of  the  same  diameter  and  character  of  insulation  as 
that  forming  the  original  circuit  must  be  employed,  and  the  joints 
should  be  as  few  as  possible,  all  mechanically  tight,  and  well  soldered. 
The  voltages  cnii)Ioycd  in  the  elccirical  systems  of  automobiles 
are  so  low — varying  from  G  to  24  volts,  with  a  strong^tendency 
to  standanlize  the  (i-volt  system — that  any  increased  resistanoe 
is  likely  to  cause  unsatisfactory  operation. 

Non=Conductors.  In  going  down  through  a  table  of  specific 
conductivities  of  various  materials,  the  vanishing  point  is  reached 
with  those  that  cease  to  be  conductors  at  all.  Such  materials 
are  known  as  nonconductors  or  insulators,  and  some  substances 
vary  in  the  degree  of  insulation  they  afford  quite  as  nmch  as  other 
materials  do  in  their  ability  to  conduct  a  current.  Glass,  rubber, 
shellac,  oil,  i)araffin  wax,  wood,  and  fabrics  are  all  good  insulators 
when  perfectly  dry.  Distilled  water  has  such  a  high  resistance 
as  to  be  almost  an  insulator,  but  in  its  natural  state  water  contains 
alkaline  salts  or  other  impurities  that  make  it  a  conductor.  Con- 
sequently, when  any  otherwise  good  insulating  substance  is  wet, 
the  current  is  likely  to  leak  across  the  wet  surface  of  the  insulator. 
This  is  particularly  the  case  with  a  current  of  high  potential,  or 
high  tension,  and  explains  why  it  is  of  the  greatest  im porta  nc*e 
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to  keep  all  parts  of  the  secondary'  side  of  the  ignition  system  perfectly 
dry.  The  potential  which  causes  the  current  to  arc  across  the  gap 
of  the  spark  plug  is  so  high  that  it  will  leak  across  even  slightly 
dump  surfaces,  such  as  the  porcelains  of  the  plugs.  This  leakage 
is  often  visible,  especially  in  the  dark,  and  it  may  also  be  detected 
by  placing  the  bare  hand  on  the  porcelain. 

Just  as  the  amount  of  current  to  be  carried  determines  the 
size  of  the  conductor  to  be  employed,  so  the  potential  or  pressure 
under  which  this  current  is  transmitted  determines  the  amount  of 
insulation  that  will  be  necessary.  The  latter  is  also  affected,  how- 
ever, by  mechanical  reasons,  for  example,  by  the  liability  of  the 
conductor  to  chafing  or  abrasion.  The  best  grades  of  copper 
cable  employed  for  both  ignition  and  starting-lighting  systems  on 
automobiles  tcxlay  are  stranded,  that  is,  composed  of  a  number 
of  fine  wires,  to  make  tliem  flexible.  The  stranded  cable  is  then 
tinned  to  prevent  corrosion  due  to  the  sulphur  in  the  insulation, 
after  which  it  is  covered  with  a  soft-rubber  compound  of  a  thickness 
dependent  upon  the  purpose  for  which  the  wire  is  intended.  For  high- 
tension  ignition  wire  this  rubber  covering  is  about  three-sixteenth  inch 
thick.  This  covering  is  vulcanized  and  is  then  further  protected  by 
braided  linen,  or  silk-cotton  thread  which  is  made  waterproof  by 
being  impregnated  with  shellac  or  some  other  insulating  compound. 

Circuits.  When  air  under  high  pressure  escapes  from  its 
container,  it  simply  mingles  with  the  atmosphere,  and  as  soon  as 
the  difference  in  pressure  is  equalized  there  is  no  distinction  between 
it  and  air  in  general.  But  to  equalize  a  difference  in  potential 
of  an  electric  current  there  must  be  a  conducting  path  between 
the  points  of  high  and  low  potential.  This  is  termed  a  circuit. 
Current  to  operate  trolley  cars  is  fed  to  the  motors  of  the  car  from 
the  overhead  wire  and  returns  through  the  tracks  to  the  generators 
at  the  power  house.  This  is  kno^n  as  a  ground-return  circuit. 
In  the  single-wire  electric  starting  system  of  an  automobile,  current 
from  the  storage  battery  reaches  the  starting  motor  through  the 
starting  switch  and  a  single  heavy  cable,  and  returns  through  the 
frame  and  other  metal  parts  of  the  car  itself,  or  vice  versa.  This 
is  another  instance  of  a  ground-return  circuit. 

Both  the  primary  and  secondary  sides  of  the  ignition  system 
of  an  automobile  are  also  grounded  circuits.    In  contrast  with 
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this,  the  circuit  may  be  composed  of  copper  cables  directly  coo- 
necting  both  poles  of  the  battery  and  switch  with  the  starting 
motor.  The  highly  insulated  cable  employed  for  both  ignition 
and  starting  systems  is  expensive  and  the  use  of  a  single  wire  greatly 
simplifies  the  connections,  considerations  which  account  for  the 
general  use  of  this  t^'pe  of  circuit.  A  circuit  is  said  to  be  open  when 
there  is  a  break  in  it  which  prevents  the  current  from  flowing,  as 
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Fig.  1.     Typical  Starting-Light  ins  Wirinft  Dingmms.     (a)     Scries  Circuit  c^ 
Starting  Motor;  (b)  Multiple  Circuit  of  I^iupiS 


when  the  switch  is  opened,  or  when  a  connection  or  the  wire  itself 
is  broken. 

Series  Circuit.  The  connections  between  a  storage  battery, 
switch,  and  starting  motor,  comprise  the  simplest  form  of  circuit, 
in  which  the  motor  is  said  to  be  in  series  with  the  batter}'',  and 
the  cells  of  the  battery  are  in  scries  with  one  another.  This  is 
termed  a  series  circuit  and  a  break  in  it  at  any  point  opens  the 
entire  circuit.  The  starting  motor,  Fig.  1  (a),  requires  the  entire 
output  of  the  storage  battery  for  its  operation. 
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le  circuit  and  to  return  on  tde  negative  siae.  in  lav  lawe  w  a. 
3  drcuit  as  described,  the  current  flows  through  each  piece 
pparatus  in  turn;  each  receives  all  the  current  in  the  circuit 

potential  proportioned  to  the  resistance  of  the  apparatus  in 
tion.  For  example,  m  the  ample  starter  circuit  referred  to 
'e  the  starting  motor  receives  the  entire  output  of  the  3-ceU 
ige  battery  at  its  full  voltage  of  6  volts,  less  the  drop  in  voltage 

to  the  resistance  of  the  circuit.  If  there  were  two  starting 
3r3  instead  of  one  in  the  drcuit,  both  in  series,  both  would 
ive  all  the  current  but  at  only  half  the  voltage. 
MuUipie  or  SkurU  Circuii.  As  opposed  to  this,  in  a  multiple 
lit.  Fig.  1  (b),  in  which  every  piece  of  apparatus  is  connected  to 
I  sides  of  the  circuit  "in  parallel",  each  piece  of  apparatus  la 
circuit  receives  current  at  the  same  voltage  but  draws  from 
;ircuit  the  current  determined  by  its  resistance.  The  failure  or 
drawal  of  any  one  or  more  instruments  in  a  multiple  or  parallel 
lit  has  no  effect  on  those  remaining.  The  lighting  circuits 
n  automobile  equipped  with  a  6-volt  starting  system  are  an 
ijde  of  this.  Each  lamp  is  designed  to  bum  to  its  maximum 
lination  at  6  volts,  but  the  25Kaindle-power  headlights  take 
;  current  than  the  5-candle-power  side  lights  or  the  2-candle- 
»  taillight,  owing  to  the  difference  in  the  size  and  resistance  of 
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tiple  circuit  of  its  own^  and  these  two  groups  are  connected  in 

so  that  the  lamps  in  each  circuit  receive  6  volts,  but  the  circuit 

as  a  whole  takes  the  battery  current  at  12  volts.    Such  a  combinatioD 


P^^DT. 


Hg.  2.    Dr3'  Cells  in  Scrie»-Multiplo  for  Isnition  Circuit 

is  known  as  a  series-parallel  or  series-multiple  circuit  and  is  more 
or  less  commonly  used  for  connecting  dr\'  cells  for  ignition  usc^ 
Fig.  2. 

Circuits  may  also  be  in  parallel,  that  is,  practically  a 
circuit  on  a  circuit.  The  method  of  connecting  up  the  voltmeter 
that  is  mounted  on  the  dash  of  the  car  is  an  instance  of  this,  a  wire 
being  led  from  each  side  of  the  main  circuit  to  the  instrument 
The  instrument  is  then  said  to  be  in  shinty  Fig.  3,  and  the  amount 
of  current  that  is  diverted  to  it  is  entirely  dependent  on  the 
resistance.  As  a  voltmeter  is  wound  to  a  high  resistance,  Fig.  4, 
it  is  designed  to  take  very  little  current  for  its  operation.     The 
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Fiff.  3.     DiaRmm  ShowinK  How  VoItQietcr  Is 
Shuutcil  in  thv  Circuit 


ammeter,  Fig.  5,  on  the  other  hand,  is  intended  to  indicate  the  entire 
current  output  of  the  generator  on  eliarge  or  discharge,  and  is 
accordingly  connected  in  series  so  that  all  the  current  passes  through 
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it.  (Owing  to  the  heavy  rush  of  current  taken  by  a  starting  motor 
in  overcoming  the  inertia  of  the  gasoline  engine,  the  ammeter  is 
not  included  in  this  circuit.) 
Short-Circuits  and 
Grounds.  The  previous  par- 
graphs  have  made  clear  the 
necessity  for  having  a  com- 
plete path  or  circuit  for  the 
current  in  order  that  its  power 
may  be  utilized.  There  must 
be  a  connecting  cable  on  one 
side  and  there  must  be  a  re- 
turn on  the  other  (grounded 
circuit).  If  instead  of  pass- 
ing through  the  apparatus, 
such  as  the  starting  motor, 
the  current  finds  an  easier 
path  through  an  abrasion  in 
the  insuUtion  of  the  cable 
and  some  metal  part  against 
which  tliat  touches,  it  is 
sai<i  to  be  short-circuited.  A 
c&fe  such  as  that  cited, 
where  a  stripped  cable 
tiiinlii-^    a    metal    part,   so 
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all  short  circuits  are  grounds,  as  short  circuits  may  occur  from 
many  other  causes — for  instance,  where  two  wires  touch  at  unin- 
sulated points  or  where  stray  metal  noiakes  contact  with  conntt- 
tions,  etc. 

Size  of  Conductors.  The  influence  of  the  factor  of  resistance 
makes  plain  the  reason  for  using  wires  of  different  sizes  for  the  various 
circuits  of  the  ignition  starting  and  lighting  ^jrstems  of  the  autih 
mobile.  If  an  ample  flow  of  compressed  air  is  desired  for  power 
purposes,  a  liberal  outlet  must  be  provided,  while  if  only  a  snul 
spray  is  required,  as  for  cleaning  purposes,  a  small-bore  tube  viD 
suflBce.  If  we  try  to  employ  the  small-tube  line  for  power  piB^ 
poses,  we  shall  not  gain  the  desired  result  because  its  resistance  is 
so  great  that  it  will  not  permit  a  sufficient  flow  of  air.  For  the 
same  reason  a  conductor  of  much  larger  diameter  and,  thereforej  of 
correspondingly  low  resistance  must  be  employed  to  handle  the 
heavy  current  necessary  to  operate  the  electric  starting  motor,  than 
is  needed  for  the  comparatively  small  current  which  is  demanded  I7 
the  ignition  system. 

Whether  it  is  mechanical  or  electrical  in  its  nature,  the  power 
necessary  to  overcome  resistance  is  liberated  in  the  form  of  heit 
Mechanical  resistance  is  friction  and  its  presence  between  moving 
bodies  always  generates  heat.  Electrical  resistance  may,  for  the 
purpose  of  illustration,  be  termed  mternal  or  molecular  frictioDi 
and  it  also  results  in  heat.  The  extent  of  the  rise  in  temperatuR 
of  a  conductor  or  wire,  depends  entirely  upon  the  proportion  thit 
its  size  and,  consequently,  its  current-carrying  ability  bear  to  the 
amount  of  current  that  is  sent  through  it.  Roughly  speaking,  i 
a  wire  is  three-fourths  the  size  it  should  be  to  carry  the  starting! 
current,  it  will  become  uncomfortably  warm  to  the  hand  after  the 
motor  has  been  operated  several  times  in  succession.  If  it  is  only 
one-half  the  size  it  should  be,  continuous  operation  of  the  startinf 
motor  for  a  few  minutes  will  doubtless  burn  off  most  of  the  insulatioa 
Further  reducing  its  size  would  cause  the  wire  to  become  so  hdt 
as  to  set  fire  to  the  insulation  the  moment  the  current  was  turned 
on,  and  any  great  decrease  in  diameter  would  result  in  the  immediate 
fusing  of  the  wire  itself.  The  wire  would  literally  "burn  up"  aiil 
in  a  flash. 

It  would  not  be  practical  to  attempt  to  conduct  live  steam  | 
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TABLE  I 
American  Win  Q^a  (B.  &  S.) 
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23 
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26 
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.405 

254.0 

42.477 

6 

181.94 

4.621 

33102.0 

.326 

27 

14.19 

.361 

201.6 

53.563 

6 

162.02 
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262S0.5 

.411 

28 

12,64 

.321 
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67,542 

7 

144.28 
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29 

11.26 

.286 
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86.170 
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128.49 

3.264 

16509.0 
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107.391 

9 

114.43 
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13094,0 

.824 

31 

8.93 

.277 

79.7 

135,402 

10 

101.89 

2.688 

10381.0 
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32 

7,95 

.202 
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11 

90.74 
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.108 

50.1 
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12 
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34 
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13 

71.96 

1.828 
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36 

5.61 

.143 
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14 

64.08 
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4106.8 
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37 
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16 

60.82 

1.291 

2582.9 
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45.26 
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5.269 

39 

3.63 
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12.5 

865.046 

18 

40.30 

1.024 

1624.1 

6.645 

40 

3.14 

.080 

9.9 

1091.865 

it  high  pressure  through  a  cardboard  tube.  Nor  is  it  any  more 
o  to  attempt  to  Bend  a  heavy  current  through  "any  old  piece  of 
rlre".  Electric  lighting  and  starting  systems  as  they  exist  on  cars 
Delay  are  of  all  degrees  of  merit.  The  cars  themselves  have  reached 
.  stage  of  reliability  where  their  useful  life  is  now  on  the  average 
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Heating  Effect  of  Current    The  amount  of  heat  that  a  pva 

current  will  produce  in  passing  through  a  conductor  of  a  ootik 
size  is  expressed  by  Joule's  law:  The  number  of  heat  units  devekpri 
in  a  conductor  is  proportionate  to  Its  resistance,  to  the  square  of  the 
current,  and  to  the  time  that  the  current  lasts. 

The  heat  generated,  therefore,  increases  in  direct  propwtiaii  ti 
the  resistance.  For  example,  if  the  cable  between  the  startiif 
motor  and  the  battery  be  replaced  by  one-half  its  size,  the  leastaav  i 
will  be  doubled  and  the  heat  generated  will  increase  in  the  same  pn- 1 
portion,  the  current  remaining  the  same  in  both  instances.  Incteuiai 
the  current,  however,  adds  to  the  amount  of  heat  generated,  as  tk 
square  of  the  increase.  Thus,  if  with  the  original  starting  cable  above 
mentioned,  the  amount  of  current  necessary  to  start  the  motor  fav 
to  be  doubled,  owing  to  gummed  lubricating  oil  or  stiff  bearings^  tk 
volume  of  heat  generated  will  increase  fourfold.  The  amount  ol  I 
heat  generated  also  increases  in  direct  proportion  to  the  time  tint 
the  current  lasts.  It  will  be  easy  to  realize  from  thb  why  abnonmi 
conditions  may  quickly  bring  the  heating  effect  of  the  current  toi 
point  where  the  insulation  of  the  wires,  or  even  the  wires  themselves^ 
may  be  endangered.  For  instance,  in  the  case  of  a  motor  that  ii 
very  hard  to  start,  tlie  discliarge  from  the  battery  is  greatly  increased 
in  turning  it  over,  and  the  starting  motor  must  be  operated  for  a  vfiy 
much  longer  period  to  get  the  engine  under  way,  causing  a  direct 
increase  in  the  heating  elfect,  due  to  the  longer  time  that  the  curreflK 
is  passing  througli  the  cable,  and  a  fourfold  increase  for  the  addi- 
tional current  necessary. 

Ileat  Generated  in  Starting  Motor.  Take  the  case  of  a  motor 
that  requires  150  amperes  for  the  first  few  seconds  and  50  amperes 
once  the  engine  is  turning  over  freely.  If  stiff  bearings  or  gunmied 
oil  cause  the  initial  current  to  rise  to  200  amperes  and  the  running 
current  to  80  amperes  for  a  period  three  times  as  long  as  would  ordi- 
narily be  required  to  start,  there  will  be  a  very  considerable  increase 
in  the  number  of  heat  units  generated.  This  is  one  of  the  reasons  wl^ 
it  is  good  practice  to  use  the  starting  motor  intermittently  when  the 
engine  does  not  at  once  fire  and  take  up  its  own  cycle,  instead  of 
running  the  starting  motor  continuously  until  the  engine  begins  to 
fire  and  generate  its  own  power.  A  much  more  important  reasoOf 
however,  is  the  fact  that  the  intprmittent  use  of  the  starting  motor 
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iS  not  nearly  so  hard  on  the  battery,  as  the  storage  batterj'  recu- 
perates very  quickly  when  given  short  periods  of  rest  between  the 
demands  for  its  power.  Running  the  starting  motor  for  ten  periods 
of  30  seconds  each,  with  a  like  interval  between  the  attempts  to  start, 
will  not  discharge  the  battery  anything  like  as  much  as  will  operating 
the  starting  motor  continuously  for  five  minutes.  A  longer  rest 
between  trials  will  be  of  greater  benefit  to  the  battery. 

Heaiing  Effect  on  Lamps  and  Fuses,  It  must  not  be  concluded 
from  the  above  that  the  heating  effect  of  the  current  is  always  detri- 
mental, as  it  is  taken  advantage  of  in  many  ways.  Two  of  the  com* 
monest  of  these  are  the  incandescent  lamp  and  the  fuse.  In  the  case 
of  the  former,  the  increase  in  heat  with  an  increase  in  resistance  is 
mainly  depended  upon,  the  filament  being  made  of  such  a  size  that 
a  given  amount  of  current  at  a  certain  voltage  will  just  bring  it  to 
incandescence.  For  this  reason  an  increase  in  the  current,  or  voltage, 
will  bum  the  filament  and  destroy  the  lamp.  The  fact  that  the 
heating  effect  increases  as  the  square  of  the  current  is  taken  advantage 
of  in  the  design  of  fuses  which  are  made  of  soft  alloys  that  will  melt 
at  comparatively  low  temperatures.  Resistance  is  also  a  factor  in  the 
fuse,  as  in  cutting  down  the  cross-section  of  the  fusible  wire  the  resist- 
ance is  increased,  while  the  current-carrying  capacity  of  the  wire  is 
decreased.  The  cross-section,  or  diameter,  of  the  fuse  is  gaged  to 
carry  the  amount  of  current  that  is  a  safe  load  for  the  circuit  and 
the  apparatus  in  it  plus  a  reasonable  factor  of  safety  to  prevent 
the  fuse  from  burning  out,  with  a  small  percentage  of  increase  that 
would  do  no  damage.  For  example,  a  10-ampere  fuse,  such  as  is 
used  in  connection  with  many  automobile-lighting  generators,  would 
seldom  burn  out  with  an  increase  in  the  current  to  12  amperes  or 
even  to  15  amperes  for  short  periods,  as  the  time  element  is  also 
important.  Some  other  applications  of  the  heating  effect  are  electric 
welding,  blasting  fuses,  soldering  coppers,  cooking  utensils,  and  the  like. 

Chemk:al  Effect  of  Current.  The  passage  of  an  electric  current 
likewise  has  a  chemical  effect  depending  upon  the  nature  of  the  con- 
ductor. This  may  take  various  forms,  such  as  the  conversion  of  one 
chemical  compound  into  another,  as  in  the  case  of  the  storage  battery; 
the  decomposition  of  water  into  hydrogen  and  oxygen ;  the  deposition 
of  metals,  as  in  electroplating;  or  the  decomposition  of  metals,  as 
in  electrolysis. 
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T.ULE  II 
CvT>inf  Capaaty  of  Wires 


MAGNETISM 

Natural  -invl   \riini.i;il  Magnets.     It  has  been  known  for  nu 

•.■.::ii  - ::...:  -    :  ■  -- ^,  .:r.i:.- ,:  the  ore  known  as  magnetite  (Fe^l 

:..;■. c  i:;e  property  of  attracting  small  h 

it  iro-.i  and  i^teel.  Fig,  6.    This  ore  prol 

: -W  roiiivM  its  name  from  the  fact  that 
i-  aiii!!ii];nit  in  the  province  of  Magne 
iii  T!u>r-aly,  nhhoiigh  the  Latin  wrii 
I'liuy  .-^iyj  that  the  word  magnet  is  ( 
rivi'il  frmii  the  name  of  the  Greek  sbt 
luTil  Mak'ius,  who.  on  the  top  of  Mou 
Ma.  olisiTvnl  the  attraction  of  a  lat 
>tone  for  liis  iron  crook.  Pieces  of  ( 
which  exhibit  tins  attractive  propei 
for  iron  or  steel  are  known  as  natu 
riiajrni'ts. 

It  was  also  known  to  the  anciei 
tliat  artificial  niHgiicts  could  be  made 
slrokiiii;  pieces  of  steel  with  natural  mr 
nets,   but  it  wurt   not   until   the  twelf 


ELECTRICAL  EQUIPMENT 


21 


Fig.  7.    BarM«ciMt 


It  is  thought  to  have  been 


Fig.  8.     Horseshoe  Magnet 


century  that  the  discovery  was  made  that  a  suspended  magnet 
would  assume  a  north-and-south  position.     Because  of  this  prop- 
erty, natural  magnets  came  to  be  known  as  lodestones  (leading 
Ytones) ;  and  magnets,  either  arti- 
ficial   or  natural,  began  to   be 
used  for  determining  directions. 
The  first  mention  of  the  use  of 
a  compass  in  Europe  was  in  1190. 
introduced  from  China. 

Artificial  magnets  are  now 
made  either  by  repeatedly  strok- 
ing a  bar  of  steel,  first  from  the 
middle  to  one  extremity  with 
one  of  the  ends,  or  poles,  of  a 
magnet,  and  then  from  the  mid- 
dle to  the  other  extremity  with  the  other  pole;  or  else  by  passing 
electric  currents  about  the  bar  in  a  manner  to  be  described  later. 
The  form  shown  in  Fig.  7  is  called  a 
bar  magnet,  that  shown  in  Fig.  8  is  a 
horseshoe  magnet. 

Poles  of  a  Magnet  If  a  magnet 
is  dipped  into  iron  filings,  the  filings 
are  observed  to  cling  in  tufts  near  the 
ends,  but  scarcely  at  all  near  the  mid- 
dle, Fig.  9.  These  places  near  the 
ends  of  the  magnet,  in  which  its 
strength  seems  to  be  concentrated, 
are  called  the  poles  of  the  magnet. 
It  has  been  decided  to  call  the  end 
of  a  freely  suspended  magnet  which 
points  to  the  north,  the  north-seek- 
ing, or  north  pole,  and  it  is  commonly 
designated  by  the  letter  N.  The  other 
end  is  called  the  south-seeking,  or 
south  pole,  and  is  designated  by  the  letter  S.  The  direction  in 
which  the  compass  needle  points  is  called  the  magnetic  meridian. 

Laws  of  Magnetk:  Attraction  and  Repulsion.  In  the  experiment 
with  the  iron  filings  no  particular  difference  was  observed  between 


'HVji& 


Fig.  9. 


Location  of  Poles  of  a 
Magnet 
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ihe  action  of  the  two  poles.  That  there  is  a  difference,  hovevA 
may  be  <hown  by  experimeuting  with  two  magnets,  either  of  vludi 
may  Iv  5u>peiuieii.  Fi>r.  10.  If  two  X  poles  are  brought  nearcMk 
oiIuT.  each  is  found  to  repel  the  other.  The  S  poles  likewise  an 
fouiui  to  act  in  the  Siime  way.  But  the  X  pole  of  one  magnet  k 
foni.d  to  Iv  attniotoil  by  the  S  pole  of  the  other.  The  results  <^ 
ib.eso  o\}HTimont:>  may  be  summarized  in  the  general  law:  Mapi 
:>  iV*  ./  .*:".*.t'  >::«:.f  n  :vl  each  other,  while  poles  of  unlike  bind  aflrail! 
T!us  foi\v  of  attraction  or  repulsion  between  poles  is  foaoi 
like  craviTaiion.  to  van-  inversely  as  the  square  of  the  distiDS 
Ihtwwv.  tl'.c  ix^lcs:  that  is.  se^xirating  two  poles  to  twice  their  origisil 
iii>t;i:uv  ri\huv>  the  force  acting  between  them  to  one-fourth  its 

original  value,  and  separating  them  tbv 
times  their  original  distance  reduces  ttr 
force  to  one-ninth  its  original  vaIuejCtc.1 
Magnetic  Substances.  Iron  and| 
stci4  are  the  only  common  substanoff 
which  exhibit  magnetic  properties  to  i 
markctl  degree.  Xickeland  cobalt,  hciv- 
evcr,  arc  also  attracted  appreciably  bf 
stroiii:  magnets.  Bismuth,  antinun?. 
aiul  a  nunil>er  of  other  substances  ait 
actually  repelled  instead  of  attracted, 
hut  the  repulsion  is  very  small.  UntJ 
()uitc  rcivntiy,  iron  and  steel  were  tk 
only  suhstautvs  whose  magnetic  pn)|h 
ortics  were  sufficiently  strong  to  mab 
them  (^f  auy  value  as  magnets,  lletvntly,  however,  it  has  been 
Wiscovereil  that  it  is  possible  to  make  rather  strongly  magnetic 
alloys  out  of  non-magnetic  materials.  For  example,  a  mixture  d 
(».")  per  cent  copper,  27  per  ctMit  manganese,  and  S  per  cent  aluminuB 
is  rather  strongly  magnetic.  These  are  known  as  the  Ilcusaler  a/&q|f. 
Electromagnets.  The  identity  of  magnetism  with  electriatj 
is  readily  estahlislieil  by  some  very  simple  experiments  that  have 
been  repeated  so  often  as  to  become  classics.  By  taking  a  bar  of 
iron  and  winding  some  insulated  wire  around  it  in  the  form  of  I 
coil  and  then  coiuiecting  the  terminals  of  this  coil  with  a  batteiy 
or  other  source  of  current,  the  bar  becomes  magnetic.    One  end 


I'ii:    10.     r\|v»rin\ont   l*n«vi:i>:  iho 
I.;iw  ii*  M:ii:iii'!u'  Aitrat:i.>n 
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of  it  is  the  positive,  plus,  or  north  pole  of  the  magnet,  and  the  other 
the  negative,  minus,  or  south  pole.  Break  the  connections  or 
otherwise  "open  the  circuit"  and  the  magnetism  instantly  dis- 
appears. Reverse  the  connections  to  the  battery  by  attaching 
the  wire  previously  at  the  positive  pole  to  the  negative,  and  vice 
versa,  complete  the  circuit  again,  and  the  bar  is  once  more  magnetic, 
but  now  the  pole  that  was  previously  north  or  positive  is  south. 
The  bar  is  once  more  a  magnet,  but  its  polarity  has  been  reversed 
by  reversing  the  direction  of  flow  of  the  magnetizing  current.  This 
bar  of  iron  with  a  coil  of  wire  wound  around  it  is  known  as  an  electro- 
magnet because  it  becomes  magnetic  only  when  a  current  is  passing 
through  the  coil.  If  a  rod  of  hard  steel  is  substituted  for  the  bar 
of  soft  iron  and  the  current  passed  through  it,  the  bar  will  be  found 
to  be  strongly  magnetic  after  the  current  has  been  shut  off.  That 
is,  the  bar  of  steel  has,  through  the  action  of  the  current,  become 
a  permanent  magnet  like  that  shown  in  Fig.  7.  This  method  is 
often  used  for  making  permanent  magnets  from  hardened  steel. 

To  determine  the  polarity  of  a  magnet  it  is  only  necessarv 
to  hold  a  small  pocket  compass  near  it;  let  the  compass  needle 
come  to  rest  normally  and  then  bring  the  compass  near  to  one 
end  of  the  magnet.  If  the  needle  continues  to  point  in  the  same 
direction  and  gives  evidences  of  being  strongly  attracted  to  the 
magnet,  the  end  to  which  it  is  being  held  is  the  south  pole.  Bring 
the  compass  near  to  the  other  end  of  the  magnet,  and  the  needle 
will  turn  away  sharply,  showing  that  like  poles  repel  each  other. 

Magnetic  Field.  If  a  bar  magnet  is  placed  on  a  sheet  of  glass 
and  a  handful  of  fine  iron  filings  thrown  around  it,  they  will  auto- 
maticaUy  assume  the  position  shown  by  Fig.  11.  As  originally 
dropped  on  the  glass  -some  of  the  filings  may  not  be  within  reach 
of  the  influence  of  the  magnet,  but  if  the  glass  be  gently  tapped 
and  tilted  slightly,  first  one  way  and  then  another,  they  will  arrange 
themselves  in  the  symmetrical  pattern  shown.  This  gives  a  graphic 
illustration  of  the  field  of  influence  of  the  magnet,  usually  termed 
the  magnetic  field.  This  field  is  most  powerful  at  the  poles,  as 
will  be  noted  by  the  attraction  of  the  filings  at  the  N  and  S  points, 
representing  the  north  and  south  poles  of  the  magnet.  At  inter- 
mediate points  along  the  length  of  the  magnet  the  filings  will  be 
seen  to  have  placed  themselves  as  if  to  indicate  a  circular  movement 
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oftheh*De3offorce.  This  is  the  magnetic  drcuit  and  these  conco&it 
circles  represent  the  magnetic  flux,  or  flow.  If  the  magnet  b  tliii 
removed  from  the  glass  and  the  north  pole  extension  of  it  plaeel 
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centrally  under  tlie  glans,  a  striking  illustiatkm  is  given  o(  tk 
magnetic  field  around  the  poie,  Fig.  12.  A  bar  magnet  has  bea 
shown  here  for  puriK)ses  of  simplieity,  but  a  commoa  honeshne 
magnet  such  as  can  be  had  for  a  few  cents  will  serve  equally  nd 
for  the  experiments. 

By  carrving  the  experiments  a  little  further,  the  identity  d 
magnetisn]  aud  electricity  is  strikingly  shown.    Take  a  piece  <l 


FiR.  13.    Fli-Ul 


Cfrtiduftor  CBrryinc  i 


cardboard  or  lieiiv>-  paper,  punch  a  hole  through  its  center  and 
pass  through  this  hole  a  wire  connected  to  two  or  three  dry  ceUs. 
Scatter  nn  the  paper  the  filings  used  in  the  previous  experimenta, 
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then  complete  the  circuit  by  touching  the  end  of  the  wire  to  the 
other  terminal  of  the  battery.  The  filings  will  immediately  arrenge 
themselves  as  shown  in  Fig.  13,  illustrating  the  magnetic  field 
which  is  always  present  around  any  current-carrying  conductor. 

Lines  of  Magnetic  Force.  Punch  another  hole  through  the 
cardboard  and  rearrange  the  circuit  of  the  dry  cells  so  that  the  wire 
passes  from  the  positive  battery  terminal  up  through  one  hole 
of  the  cardboard  and  down  through  the  other  hole  to  the  zinc  or 
negative.  Scatter  the  filings  as  before  and  touch  the  loose  end 
of  the  wire  to  the  negative  terminal.  The  arrangement  of  the 
filings  will  then  be  that  shown  in  Fig.  14,  the  positive  field  being 
at  the  left  and  the  negative  at  the  right.  The  fact  that  the  mag- 
netic fields  overlap  in  the  curious 
aligmnent  indicated  is  smiply  ^  ="''?-:~;~~'^  ^ 
due  to  the  proximity  of  the  con 
ductors  carrying  the  current 

Another    simple  method  of 
demonstrating   the    identitj    of 

electricity  and  magnetism  is  to  ^i^^ 

place  an  ordinary  pocket  com  .  _^5  _,  ^  ;F*0^:=^^^^ 
pass  above  or  below  a  wire  which  i.^  ^v^^^"^^^  -^j^''^'^ 
is  running  north  and  south  and  is  a  s^^i^^s^  i:«L-^^^^5£s^ 
carrying  a  current.     If  this  ib  a  n,.  i«.   Field  about  >  Cou 

direct  current  the  needle  of  the 

compass  will  tend  to  set  its  axis  at  right  angles  to  the  wire,  that 
is  parallel  to  the  lines  of  force;  the  direction  of  the  deflection  wili 
depend  upon  the  direction  of  the  current.  This  test,  therefore, 
not  only  indicates  the  magnetic  field  about  the  wire  bearing  a  current, 
but  shows  its  direction. 

All  of  the  arrangements  which  the  filings  assume  under  the 
influence  of  either  a  magnet  or  a  current,  as  shown  by  the  various 
llustrations,  indicate  that  the  stresses  in  the  medium  surrounding 
a  magnet  or  current-carrjnng  conductor  follow  certain  definite 
lines,  the  lines  showing  the  direction  of  stress  at  any  point.  These 
are  termed  Hnes  of  force. 

Solenoids.  It  has  been  determined  that  the  direction  of  the 
current  and  that  of  the  resulting  magnetic  force  are  related  to  one 
another  as  the  rotation  and  travel  of  an  ordinary,  or  right-hand, 
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screw  thread.  Consequently,  if  the  conductor  be  looped  mfceil 
of  straight,  the  lines  of  magnetic  force  will  surround  it  as  dion 
in  Fig.  15.  The  field  of  such  a  loop,  if  outlined  with  the  ail  d 
filings  or  explored  with  a  compass  needle,  will  be  seen  to  Rtu 

the  general  charuteriif 
the  field  sunounding  i 
straight  conductor,  » 
that  all  the  lines  wil 
leave  by   one  bee  ui 

Fig.  15.    Direction  of  Majpietio  lines  about  a  letum  by  the  Othcf,  tk 

Conductor  ,  , 

entire  number  pasaqg 
through  the  loop.  Hence  one  face  of  the  loop  will  be  equivalot 
to  tiie  north  polo  of  a  magnet  and  the  other  face  to  the  sontk 
pole.  In  fact^  the  loop  will  act  exactly  as  if  it  were  a  thin  dii 
magnetized  perpendicularly  to  the  plane*  By  winding  a  numlNf 
of  these  loops  to  make  a  hollow  cbil,  there  is  formed  a  solenoii 
Fig.  1().  Exploring  its  field  shows  that  the  lines  of  force  pifl 
directly  tlirougli  the  center  or  opening  of  the  hollow  coil,  leavin| 
by  one  end  and  returning  by  the  opposite  end,  as  indicated. 

If  such  a  solenoid  is  held  vertically  and  a  bar  of  soft  iron  jdaoed 
so  that  it  extends  for  an  inch  or  so  into  the  lower  end  of  the  solenoid 
a  current  passed  tlirough  the  latter  will  cause  the  iron  to  be  violentlf 
drawn  up  into  the  coil  and  held  there.  As  long  as  the  current 
fiows^  this  rod  is  strongly  magnetic  and  has  all  the  properties  alrea^f 

_^. described.    ButthenMh 

^,'''"        ^_         ^'*^.,  ment  the  current  is  shot 

off,  the  magnetism  prac- 
tically disappears  and 
the  rod  immediatdy 
drops  out  of  the  coil  by 
its  own  weight.  Be- 
versing  the  direction  of 
the  current  reverses  the 
polarity  of  the  solenoid 
but  makes  the  efTeet  the  same;  increasing  or  deiTeasing  the  amount 
of  current  sent  tlin»ugli  it  increases  or  decreases  correspondingly  the 
strength  of  its  magnetic  field.  The  principle  of  the  solenoid  is  used 
v»»  starting  systems  to  operate  electromagnetic  starting  switches. 


Fig.  16.     Magnetic  Field  about  a  Solenoid 
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Effect  of  Iron  Core  on  Strength  of  Solenoid.  The  magnetic 
flux  or  flow  of  lines  of  force  through  a  solenoid  is  much  greater 
when  an  iron  core  is  present  than  when  the  coil  is  empty  or  a  core 
of  wood  is  inserted.  The  magnetism  flows  through  the  iron  as  a 
current  would.  Soft  iron  is  said  to  have  a  high  magnetic  permeor 
bUity.  The  magnetic  permeability  of  air  (or  a  vacuum)  is  taken 
as  unity  and  other  substances  rated  accordingly:  for  very  soft  iron 
it  may  be  as  high  as  2500,  while  for  substances  such  as  silk,  cotton, 
wood,  glass,  brass,  copper,  and  lead,  it  is  unity,  the  same  as  for  air. 
Such  metals  are  said  to  be  non-magnetic.  All  insulators  are 
likewise  non-magnetic. 

INDUCTION  PRINCIPLES  IN  GENERATORS  AND  MOTORS 

Induction.  When  a  current  suddenly  flows  in  a  wire  placed 
close  to  another  wire,  a  delicate  measuring  instrument  such  as  a 
galvanometer  will  indicate  a  momentary  current  in  the  second  wire. 
When  the  current  in  the  first  wire  ceases,  that  in  the  second  will 
likewise  cease  immediately.  This  phenomenon  is  known  as  induc- 
tion, and  a  current  is  said  to  have  been  induced  in  the  second  wire. 

Winding  the  first  wire  in  the  form  of  a  coil  and  bringing  this 
coil  close  to  the  second  wire,  will  give  the  induced  current  con- 
siderably greater  strength.  The  induced  effect  is  still  further 
increased  in  three  other  ways:  first,  by  inserting  an  iron  core  in  the 
coil;  second,  by  winding  the  second  wire  in  the  form  of  a  coil;  and, 
third,  by  bringing  these  coils  as  close  together  as  possible  by  winding 
one  directly  over  the  other. 

Transformer  Principle.  The  arrangement  just  discussed  is 
termed  an  induction  coil  or  transformer  (step-up)  and  is  universally 
employed  in  connection  with  ignition  systems.  The  character 
of  the  induced  current  depends  upon  the  relation  that  the  first 
coil,  termed  the  primary,  bears  to  the  second  coil,  known  as  the 
secondary.  In  the  usual  ignition  coil  the  primary  consists  of  a 
few  turns  of  comparatively  heavy  wire,  and  a  current  of  about 
2  amperes  (4  to  5  on  starting)  is  sent  through  it  at  a  low  voltage,  one 
seldom  exceeding  6  volts.  The  secondary  coil,  however,  consists 
of  a  great  number  of  turns  of  exceedingly  fine  wire,  and  the  current 
induced  in  this  is  proportional  to  the  relative  number  of  turns 
between  the  two  and  the  value  of  the  current  in  the  primary.    The 
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secondan-  current  b  acconfin^  of  cjiliemcly  ia^ 

•  f  low  current  value. 

In  the  commercial  step-down  t 
above  are  reversed,  the  primaiy  bd 
wire,  while  the  <econdar\-  is  a  com 
In  this  case,  the  current  is  receivi 

voltage  and  corre:$pondingly  red  sd  anqienige!,  and  it  stqnAi 
voltage  down  to  the  standard  gi  mDy  employed,  110  or  220  rgb 
ami  increases  the  amount  of  current      qportionatdy. 

Self-I  nduction.    It  has  already     i     pointed  out  that  ekctridl; 
may  l>e  put  under  pressure  or  poi    itial,  and  that  the  greater  til 
pressure,  the  greater  the  amount  of  work  a  certain  ampen^eflf 
current  will  perform,  thus  affording      direct  analogy  with 
water,  or  air  under  pressure.    An  electric  current  also 
other    characteristics    corresponding    to   mechamcal    equivakflfci 
Chief  among  these  is  inertia  and  it  is  the  latter  that  is 
for  what  is  known  as  self-induction. 

When  a  current  is  passed  through  a  coil  of  wire,  a  strong  magndk 
field  is  set  up  in  the  coil  owing  to  the  concentration  of  a  great  muf 
turns  of  wire  in  a  small  compass.  By  inserting  a  core  at  soft  ina 
wires  into  this  coil,  the  magnetic  field  is  greatly  strengthened^  sins 
the  permeability  of  the  iron  aiTords  a  path  of  slight  resiEitanoefDr| 
the  magnetic  circuit.  There  is,  of  course,  a  magnetic  field 
rounding  every  conductor  in  a  circuit  when  the  current  is  pasanfr 
but  the  iron  core  of  the  solenoid  converts  a  certain  part  of  ttt 
current  into  magnetism.  An  appreciable  time  is  necessary  after 
the  circuit  is  closed  for  such  a  coil  *'to  build  up".  This  ''buildia| 
up"  consists  of  saturating  the  core  with  magnetism. 

When  the  circuit  is  suddenly  opened,  the  current  that  has  been 
stored  in  this  core  in  the  form  of  magnetism  is  as  quickly  retran^ 
formed  and  its  value  is  impressed  upon  the  circuit,  causing  a  flash 
at  the  break.  The  flash  is  also  aggravated  by  a  certain  amount 
of  inertia  which  the  current  possesses.  We  may  illustrate  this 
by  a  stream  of  water  flowing  in  a  pipe.  If  the  water  is  suddenly 
shut  off  by  the  closing  of  a  valve,  it  tends  to  keep  on  flowing  and 
momentarily  causes  a  great  increase  in  the  pressure  against  the 
face  of  the  valve,  resulting  in  the  familiar  "water  hammer".  The 
same  thing  happens  when  a  circuit  is  suddenly  broken,  and  the 
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higher  the  potential  the  more  marked  this  effect  will  be.  The 
current  tends  to  keep  on  flowing,  and  the  extra  potential  which 
thb  self-induction  gives  it  will  cause  it  to  arc,  or  bridge,  the  gap  at 
the  break,  unless  a  condenser  is  provided  to  take  care  of  this.  Every 
circuit  possesses  self-induction,  but  it  is  only  marked  in  circuits 
having  considerable  inductance,  that  is,  in  coils,  and  especiaUy  those 
with  iron  cores,  such  as  induction  coils,  circuit  breakers,  etc. 

Capacity  of  Condensers.  Every  conductor  of  electricity  has 
capacity  to  hold  a  charge  just  as  a  vessel  holds  water.  But  the 
capacity  of  a  conductor  is  dependent  upon  its  surface  area  rather  than 
its  cross-section,  or  cubic  volume,  and  is  also  influenced  by  surround- 
ing conditions.  Where  it  is  desired  to  accumulate  a  considerable 
charge,  as  for  an  ignition  spark,  a  special  form  of  capacity  is  utilized. 
This  is  known  as  a  condenser  (a  detailed  description  of  which  is 
given  later  in  connection  with  ignition  coils).  The  ability  of  a 
condenser  to  absorb  the  rise  in  potential  that  occurs  through  self- 
induction  whenever  a  circuit  containing  inductance  is  opened  is 
also  utilized  to  prevent  sparking  at  contact  points.  Comparatively 
small  condensers  are  necessary  for  this  purpose,  and  they  are  shunted 
around  the  contact  points,  that  is,  connected  in  parallel  with  the 
latter.  When  the  circuit  is  opened  the  excess  energy  of  the  circuit 
passes  into  the  condenser  instead  of  forming  a  hot  spark  at  the 
contacts.  The  occurrence  of  any  undue  amount  of  sparking  at 
contacts  should  accordingly  be  made  the  subject  of  an  investigation 
of  the  condenser  connections,  or  of  the  condenser  itself. 

Comparison  of  Generator  Current  to  Water  Flow.  The  com- 
parison of  air  in  a  room  has  been  made  to  illustrate  the  presence 
of  electricity  and  its  characteristics,  since  it  may  be  made  to  partake 
of  all  the  latter  by  being  put  under  pressure,  allowed  to  escape 
through  various  sized  outlets,  and  made  to  perform  work  of  differing 
nature  by  being  utilized  at  varying  pressures  and  volumes,  exactly 
as  electricity  is.  Where  an  electric  current  is  produced  by  a  gener- 
ator, however,  the  older  simile  of  water  flowing  under  pressure  due 
to  the  impulse  of  a  pump  may  serve  to  make  it  much  clearer. 
This  comparison  of  a  water  pump  and  its  piping  with  an  electric 
generator  and  its  circuits  is  known  as  a  hydraulic  analogue,  and,  it 
may  be  added,  there  is  scarcely  any  characteristic  or  function  of 
the  electrical  current  that  cannot  be  similarly  compared. 
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Take,  for  example,  a  waterworks  system  of  tl  type  in  wtiA 
a  large  pump  at  the  power  house  draws  water  fr  i  irtesian  wdk 
or  a  reservoir  and  forces  it  into  a  closed  system  of  pi^^uig.  Loalied 
on  this  piping  system  are  all  the  house  outlets,  street  hydrants,  aal 
the  like.  The  speed  of  the  pump  is  regulated  so  as  to  keep  a  ootui 
amount  of  pressure  on  the  water  in  the  pipes,  based  upon  the  avenp 
demand  at  different  periods  of  the  day.  The  pressure  is  reduced  at 
night  and  is  increased  at  any  time,  day  or  night,  in  case  of  fire. 

Pressure  and  Voltage.  This  constant  pressure  in  pounds  per 
square  inch  that  the  pumps  maintain  on  the  supply  of  water  in  de 
entire  piping  system  is  the  exact  counterpart  of  the  voltage^  or  electio- 
motive  force,  produced  by  a  dynamo,  or  generator,  when  runniqg- 
Just  as  the  pressure  exerted  on  the  water  by  the  pumps  depends 
upon  the  speed  of  the  latter,  so  the  voltage  produced  by  the  dynamo 
is  proportional  to  its  speed.  In  the  case  of  the  pump,  the  pmaBiue 
depends  upon  the  number  of  times  that  the  pistons  of  the  pun^ 
reciprocate;  in  the  dynamo,  upon  the  number  of  times  that  Ae 
coils,  or  windings,  of  the  armature  cut  the  lines  of  force  of  the  mag^ 
netic  field  in  which  it  revolves.  This  is  explained  in  detail  later 
in  connection  with  generator  principles. 

When  the  pump  moves  very  slowly,  there  is  very  little  preasoR 
produced  in  the  pipes,  and  this  is  the  case  with  the  dynamo  to  ai 
even  greater  extent,  since  dynamos  are  usually  designed  to  run  at 
very  much  higher  speeds,  and  consequently  their  voltage,  or  pressoit^ 
drops  oflF  very  sharply  at  low  speeds.  This  will  explain  why  the 
majority  of  lighting  generators  on  automobiles  do  not  begin  to  chaige 
the  battery  until  the  motor  of  the  car  is  running  at  a  speed  equiva- 
lent to  ten  to  fifteen  miles  per  hour,  as  explained  later.  At  tot 
speeds  they  do  not  generate  sufficient  voltage  to  overcome  that  of 
the  battery. 

Fall  in  Pressure,  When  either  a  pump  or  a  dynamo  is  running 
at  a  constant  speed,  the  pressure,  or  voltage,  produced  at  the  machine 
is  practically  constant.  But  in  the  case  of  the  water  system,  the 
pressure  is  not  the  same  at  the  outlet  of  a  branch  line  a  mile  away 
from  the  power  house  as  it  is  at  the  delivery  end  of  the  pump,  not 
is  the  voltage  on  a  branch  circuit  at  a  great  distance  from  the  dynamo 
the  same  as  it  is  at  the  terminals  of  the  latter,  consequently, 
the  fall  in  pressure  in  the  water  piping  is  the  exact  counterpart  of 
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the  drop  in  voltage  on  the  electric  circuit  due  to  the  reststance  of 
the  wires.  In  the  case  of  the  water  supply,  the  fnction  encountered 
by  the  water  in  pas»ng  through  the  pipes  is  analogous  to  the  resist- 
ance which  the  electric  current  muat  overcome,  except  that  bends 
in  a  wire  do  not  impose  any  greater  resistance  to  the  current  than 
the  same  length  of  wire  when  strtught,  whereas  bends  in  piping  greatly 
.  add  to  the  friction  with  a  correspondingly  greater  drop  in  pressure. 

Friction  and  Resistance.  There  is,  in  consequence,  almost  an 
exact  parallel  between  the  mechanical  friction  of  water  passing 
through  a  pipe  and  that  of  the  electric  current  passing  through  a 
wire,  as  it  is  commonly  said  to  do.  Friction  in  water  piping  is 
inversely  proportional  to  the  size  of  the  pipe  in  proportion  to  the 
pressure  to  which  the  water  is  subjected,  and  is  directly  proportional 
to  the  length  of  the  pipe  inexactly  the  same  way  that  a  wire  opposes 
more  resistance  to  the  electric  current  the  smaller  the  wire  is,  and 
the  amount  of  resistance  also  increases  with  the  length  of  the  wire 
itself.  In  both  cases,  the  product  of  this  friction,  or  resistance,  is 
heat;  and  it  results  in  a  drop  in  pressure,  whether  mechanical  or 
electrical. 

Current  and  Volume.  So  far  the  comparison  has  been  limited 
entirely  to  the  pressure  exerted  by  the  pump  on  the  supply  line  as 
compared  with  the  voltage  of  the  generator  imposed  on  the  circuit. 
In  a  similar  way  the  flow  of  water  from  the  pipe  line  may  be  compared 
with  that  of  the  current  in  an  electrical  circuit.  Assume,  for  example, 
that,  in  the  case  of  the  water-supply  system,  the  pumps  generate  a 
pressure  of  100  pounds  to  the  square  inch.  Eliminating  from  con- 
sideration any  drop  in  pressure  between  the  pump  and  outlet  as 
only  tending  to  confuse  the  comparison,  suppose  a  half-inch  faucet 
to  be  opened  at  a  distant  part  of  the  system.  Then  there  will  flow 
from  the  pipe  an  amount  of  water  proportioned  to  the  size  of  the 
outlet  times  the  pressure,  or  head,  back  of  it.  Let  us  assume  that 
this  will  be  one  cubic  foot  per  minute,  or,  roughly,  eight  gallons. 

In  the  same  way,  assume  that  the  generator  imposes  a  pressure 
of  100  volts  on  the  line  and,  for  purposes  of  comparison,  there  is 
no  drop  between  the  generator  and  the  end  of  the  line.  So  long  as 
there  is  no  outlet  open  there  is  pressure  on  the  water  in  the  supply 
system,  but  no  flow.  This  is  likewise  the  case  with  the  electric 
drcuit.    The  voltage  is  present  as  long  as  the  armature  of  the  dynamo 
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Fig  I/.  Ei™™i.ry  Principle  oiGen«»tor  Commercial  appliwl 
Faraday's  disoo\-ery 
diic-etl  currents  in  1831.  They  are  all  designed  to  transfi 
me<;]iniiiciil  energy  of  a  steam  engine,  a  waterfall,  a  fasolint 
etc.,  into  tlie  energy  of  an  electric  current.  Whenever  large  > 
are  reciiiireii^or  example,  in  running  street  cars;  in  sya 
lighting  iuid  heating;  in  the  smelting,  welding,  and  refining  oi 
the  cliarging  of  storage  batteries,  etc. — they  are  always  p 
by  tlynumo-electric  machines. 

'Hiere  are  two  kinds  of  generators  (1)  d.c.,  or  those  proc 
unidirectional  (direct)  current,  that  is,  one  vhich  always 
the  siime  direction  in  the  external  drcuit,  and  (2)  a.c.,  ( 
pro<hicing  an  alternating  current,  that  is,  one  which  rev 
direction  continuously  throughout  the  entire  drcuit. 

Elementary  Dynamo.  Whenever  lines  of  magnetic  flux  ar 
a  conductor,  for  example,  by  a  wire  passing  through  them,  a 
(electromotive  force)  is  produced  in  the  conductor,  and  the  s 
of  this  e.m.f.  is  entirely  dependent  upon  the  speed  at  wh 
conductor  passes  through  the  magnetic  field.  If,  at  the  til 
this  is  done,  the  ends  of  the  wire  are  brought  together  to 
circuit,  a  current  will  be  induced  in  the  conductor.    The  a 
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ting  the  magnetic  flux  at  right  angles  and  are  consequently  cutting 
more  lines  of  force  per  second  than  in  any  other  part  of  the  revo- 
lution. Note  that  as  CD  moves  up,  AB  moves  down  (and  vice 
versa)  across  the  magnetic  flux  so  that  the  induced  currents  in  all 
parts  of  the  loop«at  any  instant  are 
flowing  in  one  direction.  The  value 
of  this  e.m.f.  depends  upon  the 
speed,  and  as  the  loop  approaches 
the  90-degree,  or  vertical,  position, 
the  e.m.f.  decreases  because  the  rate 
of  cutting  is  diminishing,  until  when 
the  loop  is  vertical  both  the  cutting 
of  the  magnetic  flux  and  the  generated  e.m.f.  are  at  zero.  If  the  rota- 
tion is  continued,  the  rate  again  gradually  increases,  until  at  180 
degrees  it  is  once  more  a  maxiipum.  The  cutting,  however,  in  the  two 
quadrants  following  the  9(>-degree  position  has  been  in  the  opposite 
direction  to  that  occurring  in  the  first  quadrant,  so  that  the  direction 
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Fig.  19.     Simple  Form  of  Generator  Showing  Arrangement  of  Bruahes 

in  Contact  with  Commutator 

of  the  e.m.f.  generated  is  reversed.  Plotting  this  through  an  entire 
rotation  gives  the  curve  shown  in  Fig.  18.  Such  an  e.m.f.  is  termed 
alternating  because  of  its  reversal  from  positive  to  negative  values, 
first  in  one  direction  and  then  in  the  other,  through  the  circuit. 
It  cannot  be  utilized  for  charging  a  storage  battery,  and  hence  it 
is  not  employed  in  connection  with  starting  and  lighting  dynamos 
and  motors.  To  convert  an  alternating  current  into  a  direct  or 
continuous  current,  a  commutator  must  be  added. 

Commutators.  Fig.  19  illustrates  a  commutator  in  its  simplest 
{{fim.  It  may  be  imagined  as  consisting  of  a  small  brass  tube 
whicii  has  been  sawed  in  two  longitudinally,  the  halves  being  mounted 
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on  a  wooden  rod.  The  wood  and  the  two  cuts  in  the  tube  instill 
the  halves  from  each  other.  Each  one  of  these  Iialves  is  connect 
to  one  terminal  of  the  loop,  as  shown  in  the  illustratioQ,  Fig.  i 
Against  this  commutator,  Fig. 
19,  two  brushes  bear  at  opposite 
points  and  lead  the  current  due  to 
the  generated  e.m.f.  to  the  ex- 
ternal circuit.  If  these  brushes 
are  so  set  that  each  half  of  the 
split  tube  moves  out  of  contact 
with  one  brush  and  into  contact 
with  another  at  the  instant  when 
the  loop  is  passing  through  the 
positions  where  the  rate  of  cutting  is  minimum  (as  indicated 
the  enlarged  end  view  of  tlie  commutator  shown  at  A),  auoii 
rectional  current  will  be  produced,  but  it  will  be  of  the  pulsati 
character  as  indicated  by  the  curve  for  one  cycle  shown  in  Fig.  ■ 

This  would  also  be  the  case, 
if  instead  of  tlie  single  loop,  a  coil 
wound  on  an  iron  ring  be  substi- 
tuted, as  in  Fig.  22,  the  only  effect 

of  this  being  to  increase  the  e.m.f.  

by  increasing  the  number  of  times 

the  electricjil  circuit  cuts  the  magnetic  flux.  Now  assume  that  n 
coils  are  connected  to  the  couiniutiitor  bars,  instead  of  the  siii( 
loop,  shown  in  Fig.  22.  This  arrangement  will  give  the  simf 
device  sliown  in  Fig.  23,  called  an  armature.    The  two  coils  a 
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in  parallel  aiul  while  the  voltage  generated  by  revolving  this  windi 
with  two  coils  is  no  greater  than  with  one  coil,  the  current-carrj-i 
capadty  of  the  winding  is  doubled.    The  current  | 
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this  {orm  of  armature  would  still  have  the  disadvantage,  however, 
of  being  pulsating.  As  in  the  case  of  the  automobiJe  motor,  the 
number  of  cyUnders  must  be  increased  to  make  the  p>ower  output 
a  continuous  unbroken  line,  so 
annature  coUs  and  their  corre- 
sponding conunutator  brushes 
must  be  added  that  one  set  may 
come  into  action  before  the  other 
"goes  dead".  By  placing  an 
extra  pair  of  coils  on  the  arma- 
ture, at  right  angles  to  the -first, 
as  shown  in  Fig.  24,  one  set  will 
be  in  the  position  of  maximum  activity  when  the  other  is  at  the  point 
of  least  action.  While  this  armature  would  produce  a  continuous 
current,  it  would  not  be  steady,  having  four  pulsations  per  revolu- 
tion, and  it  b  consequently  necessary  to  increase  the  number  of 
coils  and  commutator  segments  still  further  to  generate  a  steady, 
continuous  current.    This  is  what  is  done  in  practice. 

A  conunutator  consists  of  a  number  of  copper  bars  or  segments, 
equal  to  the  number  of  sections  in  the  armature.  These  bars  are 
separated  by  sheets  of  insulating  material,  usually  mica,  and  are 
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firmly  held  together  by  a  clamping  device  consisting  of  a  metal 
iJUuLve  with  a  head  having  its  inner  side  undercut  at  an  angle,  a 
fluteher  similar  in  shape  to  the  head  of  the  sleeve,  and  a  nut  that 
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screws  over  the  end  of  the  sleeve,  as  shown  in  the  left-hand  v 
sectional  view  of  Fig.  25.  The  sleeve  is  surrounded  by  a  bushiflg 
of  insulating  material,  and  washers  of  the  same  material  are  pboed 
between  the  assembly  of  commutator  bars  and  the  two  clamping  heidi 
Each  bar  is  then  completely  insulated  from  every  other  bar  and  fraa 
the  clamping  sleeve.  Commutators  are  also  made  by  pressiDg  tk 
entire  assembly  of  copper  segments  together,  or  molding  thoif 
in  insulating  material  (Bakelite),  whidi  thus  forms  the  hub  or 
mounting  of  the  commutator  as  well  as  the  insulating  matedal 
between  the  segments.  After  assembling,  the  conunutator  ii 
turned  down  in  a  lathe  to  a  true-running  cylinder  and  then  stn^ 
papered  on  its  outer  cylindrical  surface  to  present  a  smooth  bearim 
surface  for  the  brushes.  At  the  inner  end  of  the  commutator 
which  is  closest  to  the  armature  windings,  the  commutattMT  bos 
are  provided  with  lugs  as  shown  in  the  sectional  view;  these  lap 
are  slotted  and  the  armature  leads  are  soldered  to  them.  At  tk 
right,  Fig.  25,  is  shown  an  end  view  of  the  same  commutator. 

From  the  repair  man's  point  of  view,  the  commutator  is  Ac 
most  important  part  of  the  generator  or  the  motor,  since  it  is  onr 
of  the  first  with  whose  shortcomings  he  makes  acquaintance.  Fka^ 
tically  all  lighting  and  starting  motors  now  have  their  armatait 
shafts  mounted  on  annular  ball  bearings,  so  that  the  conunutattf 
and  the  brushes  are  the  only  parts  that  are  subject  to  wear.  I 
the  time  devoted  in  the  garage  to  the  maintenance  of  automott 
electric  systems  were  to  be  divided  according  to  the  units  demawfiv 
attention,  the  battery  would  naturally  come  first,  brushes  $d 
commutators  next,  then  switches,  regulating  instruments,  oof 
nections,  and  wiring,  about  in  the  order  named.  After  all  of  thes 
come,  of  course,  burnt-out  armatures  or  other  internal  derangemenis 
which  necessitate  returning  the  units  to  the  manufacturer;  hA 
troubles  of  this  nature  are  quite  rare.  While  this  list  gives  tbe 
order  of  precedence,  it  has  no  bearing  on  the  relative  importaooe 
of  the  troubles;  with  respect  to  the  total  time  taken  by  each,  tk 
battery  is  responsible  for  not  far  from  90  per  cent,  the  commutator 
for  about  5  per  cent,  all  other  causes  comprising  the  remaining  5 
per  cent. 

Armature  Windings.  In  the  simple  illustrations  given  to 
show  the  method  of  generating  e.m.f.  in  the  armature  and  leadiit 
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commutators  next,  then  switches,  regulating  instrumen 
nections,  and  wiring,  about  in  the  order  named.  After  all 
come,  of  course,  burnt-out  armatures  or  other  internal  deran 
which  necessitate  returning  the  units  to  the  manufactu 
troubles  of  this  nature  are  quite  rare.    While  this  list  g 
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the  cjurrent  to  the  external  circuit,  what  is  known  as  the  ring^  type 
of  winding  is  shown.  This  is  inefficient  because  half  the  length 
of  the  conductor — ^the  portion  inside  the  ring — does  not  cut  any 
lines  of  force  and  hence  does  not  aid  in  generating  the  current. 
The  design,  moreover,  does  not  lend  itself  to  compactness^  so  that 
it  would  not  be  adapted  to  automobile  work  even  if  there  were  no 
objection  to  it  on  the  score  of  inefficiency.  A  slotted  type  of  arma- 
ture core  is  very  generally  employed  for  the  small  generators  and 
starting  motors  used  on  automobiles  and  the  wire  is  either  wound 
directly  in  the  slots,  or  is  "form  wound",  that  is,  the  wire  is  placed 
on  a  wooden  form  shaped  to  correspond  to  the  position  the  coil  will 
take  when  in  place  on  the  armature.  After  winding  the  necessary 
length  of  conductor  on  this  foundation,  the  wire  is  taped  together,  and 
varnished  or  impregnated  with  an  insulating  compound,  and  baked. 

Owing  to  its  high  magnetic  permeability,  iron  is  imiversally 
employed  for  the  core  of  the  armature,  since  the  function  of  the 
core  is  to  carry  the  magnetic  flux  across  from  pole  to  pole  of  the 
field  magnets,  as  well  as  to  form  a  foundation  for  the  coils.  How- 
ever, when  a  mass  of  iron  is  rotated  in  the  field  of  a  magnet  what 
are  known  as  "eddy  currents"  are  set  up  in  the  metal  itself,  and 
these  prevent  the  inner  parts  of  the  mass  from  becoming  magnetized 
as  rapidly  as  the  outer  and  also  cause  the  interior  to  retain  its  mag- 
netism longer.  As  the  efficiency  of  the  generator  depends  upon 
the  rapidity  with  which  the  sections  of  the  armature  become  mag- 
netized and  demagnetized  as  they  revolve,  the  lag  due  to  these  eddy 
currents  is  a  detriment.  To  reduce  this  effect  to  the  minimum, 
the  armature  cores  are  always  laminated,  that  is,  built  up  of  thin 
disks  of  very  soft  iron  or  mild  steel,  these  disks  having  the  necessary 
slots  punched  in  them  to  accommodate  the  windings  when  assembled 
on  the  shaft.  The  disks  are  insulated  from  one  another  either  by 
varnishing  them  or  by  inserting  paper  disks  between  them.  They 
are  assembled  on  the  shaft  and  are  put  together  under  considerable 
pressure,  various  means  being  employed  to  hold  them  in  place. 
These  disks  are  so  thin  that  hundreds  of  them  are  required  to  make 
an  armature  core  only  a  few  inches  long,  and  when  pressed  together 
in    place   they   are  to  all  intents   and   purposes   a   solid   mass. 

Armature  winding,   however,   is  something  that  is  entirely 
beyond  the  province  of  either  the  car  owner  or  the  repair  man,  no 

39 


40  ELECTRICAL  EQUIPMENT 

matter  how  well  equipped  a  shop  he  has.  It  is  a  job  hur  tlw  apat 
in  that  parUcular  line,  and  on  the  rare  occasions  when  an  umann 
does  go  wrong,  it  should  always  be  returned  to  the  manufactaia, 
if  possible,  if  not,  to  a  shop  making  a 
q)eciality  of  such  work. 

Field  Magnets.  In  the  foregoing 
explanation  of  the  generation  of  an 
e.m.f.  in  a  conductor  when  rotated  in  a 
magnetic  field  and  the  leading  out  of 
the  current  through  a  commutator,  the 
presence  of  the  field  has  been  assumed 
and  notliing  has  been  said  regarding 
the  mothoil  of  providing  it.  The  term 
field  is  applied  interchangeably  to  the 
magnetic  iliix  between  the  pole  faces  of 
the  field  magnets  and  to  the  magnets 
themselves,  but  it  is  more  generally 
understood  to  refer  to  the  latter  directly 
and  to  the  former  b;-  Inference.  There 
are  various  methods  of  maintaining 
the  flux,  usually  described  as  "field  magnet  exdtation",  butcdy 
two  of  thcni  arc  applicable  to  the  electric  generators  employed^ 
the  automobile. 

Permanent  Field  Used  in  Magneto.  The  simplest  of  tb«. 
and  the  first  to  be  designed,  employed  permanent  magnets,  fno 
which  such  a  generator  takes  its  name, 
magneio.  Fig.  20  is  a  diagranmiatic  rep- 
resentation of  an  early  form  of  tlie  mag- 
neto-generator. Since  magnetism  cannot 
be  maintained  permanently  at  the  high 
flux-densify  or  strength  which  can  be 
proiluced  by  an  exciting  coil  fed  by  a 
current,  this  method  is  only  employed 
in  very  small  generators,  as  its  bulk  for 
large  powers  would  be  excessive.  Its 
great  advantage  is  its  simplicity  and  constancy.  The  magneto-gene 
ator  shown  in  Fig,  26,  howe\er,  Is  designed  to  produce  a  continuot 
current,  and  is  not  the  tj-pe  in  general  use  on  the  automobile  todl{ 


Elg.  20.     Diacmn  of  MicbM 
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Hie  type  usually  installed  is  made  with  a  tvo-pole  armature^ 
as  shown  by  Fig.  27,  This  figure  illustrates  the  core  known  as 
a  "shuttle"  type  because  the  wire  is  wound  around  the  center  i^ 
the  core  in  much  the  same  manner  as  thread  is  put  on  a  shuttle. 
Iliese  cores  are  laminated  as  already  described,  in  all  well-built 
magnetos.  The  ^ace  on  the  core  is  filled  with  a  «Qgte  coil  of 
comparatively  coarse  wire  on  the  majority  of  magnetos,  which 
generate  a  low  voltage  current  that  is  subsequently  stepped  up 
through  an  outside  transformer.  In  some  instances,  in  what  may  be 
termed  the  true  high-tension  type  of  magneto,  there  is  a  second  wind- 
ing of  fine  wire  on  the  core  so  that  the  magneto  generates  a  current 


/f^/^/f^ 


and  steps  it  up  without  the  aid  of  aay  out^de  devices.  In  dther 
case,  ooe  end  of  the  winding  is  "grounded  on  the  core",  that  is, 
coimected  to  it  electrically,  so  that  the  core  and  other  metal  parts 
of  the  machine  form  one  side  of  the  circuit,  while  the  other  end  is 
connected  to  a  stud  agunst  which  a  spring-controlled  carbon  brush 
bears,  to  collect  the  current.  Detailed  descriptions  of  various 
types  of  magnetos  are  given  later  so  that  nothing  further  concerning 
the  construction  need  be  added  here. 

Principle  of  Operation  of  Magneto.  Under  "Generator  Prin- 
ciples", the  principle  of  the  operation  of  the  magneto  has  already 
been  explained,  the  method  by  which  the  rotation  of  the  conductors 
in  the  magnetic  field  generates  an  ejn.f.  and  a  current  is  induced 
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in  them.  But  as  the  actual  operation  of  the  magneto  as  des 
for  ignition  purposes  is  radically  different  from  any  other  foi 
generator,  it  is  given  here.  If  unrestricted,  the  armature  o 
magneto  will  always  assume  the  position  shown  at  A,  Fig.  28 
considerable  effort  will  be  required  to  turn  it  from  this  poj 
as  the  magnetic  flux  through  the  armature  is  then  a  maxii 
When  the  armature  is  rotated  a  little  over  90  degrees  from 
horizontal  position  so  that  the  armature  poles  leave  the  field  j 
as  at  B  in  the  same  figure,  the  flux  decreases,  and  when  in  a  ve 
position  no  lines  of  force  pass  through  it.     At  this  point,  the  dire 


■Om  Tfevoiuiteyn  CVyf^mature 


Fig.  uy.     Curve  of  Primary  K.  M.  F.  in  Magneto  on 

Open  Circuit 

L'outU9)j  of  Ilorselfss  Age 

of  tlie  magnetic  flux  tlirough  tlie  armature  core  reverses.  Ha 
a  two-pole  armature,  the  magneto  produces  an  alternating  em 
of  one  complete  cycle  per  revolution,  as  shown  by  the  curve, 
29,  which  illustrates  the  electromotive  force  generated  at  the 
ferent  positions  in  the  rotation  of  the  armature.  The  simile 
between  tliis  curve  and  tlie  one  generated  by  the  elementary  dym 
Fig.  17,  will  be  noted.  "With  the  armature  in  the  horizontal  posi 
there  is  a  dead  i)oint,  the  e.m.f.  curve  only  starting  as  the 
pieces  of  the  armature  begin  to  cut  the  edges  of  the  field  ma 
poles.    It  then  rises  very  sharply  to  a  peak,  and  as  sharply  d 
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Fig.  30.     DUgnun  Showing  Series  Generator 


away  to  zero  again,  thus  forming  one-half  cycle,  which  is  then  repeated 
in  the  opposite  direction.    As  the  present  discussion  comprises 

___^_^_^_^_^    only  an  introduction  to  elemen- 

00000   ^^    principles    and    theories* 

r  further  details  of  construction 

and  operation  of  the  magneto 
are  given  later  in  the  section  on 
"Ignition". 

Self-Excited  Fields.  In  a 
machine  of  the  magneto  type,  the 
only  method  of  varying  the  cur- 
rent output  is  to  vary  the  speed 
of  the  armature,  and  it  is  there- 
fore not  well  adapted  to  the 
majority  of  uses  for  which  a  gen- 
erator is  employed.  Conse- 
quently, other  methods  of  excit- 
ing the  fields  have  been  developed,  which  may  be  roughly  divided 
into  two  classes:  first,  those  separately  excited,  in  which  cur- 
rent from  an  independent  source  is  supplied  to  the  field  windings. 
This  is  now  practically  restricted  to  large  alternating-current  gen- 
erators and  so  need  not  be  con- 
sidered further  here.  Second, 
self-excited  fields,  which  are  noyv 
characteristic  of  all  continuous 
current  generators.  In  this 
method  all  or  a  part  of  the  cur- 
rent induced  in  the  armature 
windings  is  passed  through  the 
field  coils,  the  amount  depend* 
ing  on  the  type  of  generator. 

Series  Generator.  Where 
the  entire  current  output  is  util- 
ized for  this  purpose,  the  dynamo 

Fi«.  31.     Diagram  Showing  Shunt-Wo\ind         is  of  the  SCriCS  tyX>e,  and  a  rcfcr- 
Generator  ,  .  £<>^» 

ence  to  the  section  on  Cir- 
cuits", in  connection  with  the  illustration.  Fig.  30,  will  make  this 
jdain.    There  b  but  a  single  circuit  on  such  a  dynamo  and  whUe  it 
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has  tlie  advantage  of  simplicity,  it  does  not  generate  a  current  until 
a  fairly  high  speed  is  reached,  or  unless  the  resistance  in  the 
external  circuit  is  below  a  certain  limit.  It  is  also  likely  to  have 
its  polarity  reversed  so  that  it  is  not  fitted  for  charging  storage 
batteries.  As  tlie  only  series  generators  put  into  commercial  use 
have  been  for  supplying  arc  lamps  in  series  for  street  lighting, 
they  need  not  be  considered  further. 

Shunt-Wound  Generator.  By  winding  the  generator  with  two 
circuits  instead  of  one  and  giving  that  of  the  fields  a  relatively  high 
resistance  as  compared  with  the  outside  circuit  on  which  the  generator 
is  to  work,  a  machine  that  is  self-regulating  within  certain  limib 
is  pnxhiced.  As  shown  by  Fig. 
31,  the  main  circuit  of  the  gener- 
ator is  that  tlirough  the  arma- 
ture with  wliich  tlie  field  wind- 
ing is  in  sliuiit.  The  current 
accordingly  divides  inversely  as 
the  resistance  and  oiilv  a  small 
part  of  it  flows  through  the  field 
coils,  while  the  main  outi)Ut  of 
the  generator  flows  through  the 
external  circuit  to  light  the  lamps, 
to  charge  a  l)att(Ty,  or  the  like, 
the  resistance*  of  this  external 
circuit  being  much  less  than  that 
of  the  fields.  But  in  this  type, 
as  well  as  in  the  simple  series  form,  the  e.m.f.  generated  varies  more 
or  less  witii  the  load,  and  as  the  latter  is  constantly  changing,  ii 
is  necessary  to  j)rovi(lc  some  means  of  varying  the  e.m.f.  gen 
crated  to  suit  the  load,  in  other  words,  to  make  the  generate: 
self-regulating.  Of  the  several  available  methods  of  doing  this 
the  only  one  applicable  to  the  small  direct-current  generators  use( 
in  automobile  lighting  and  starting  systems,  is  that  of  varying  tb 
magnetic  flux  through  the  armature. 

('()mi)oun(l-\Voun(l  (Generator.  Then*  are  also  several  method 
of  cil'ecting  this  variation  of  the  magnetic  flux,  but  the  most  advan 
tageous  and  con^eciuently  the  most  generally  used,  is  to  vary  th< 
imount  of  current  in  tlie  energizing  coils  on  the  field  magnets 


FiK.  32.     Diagram  Showing  Componod- 
Wound  Generator 
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By  adding  to  the  shunt  winding  a  (ew  turns  of  heavy  wire  in  series 
with  the  armature  so  that  all  the  current  passes  through  them,  the 
magnetic  flux  may  be  made  to  increase  with  the  load  as  it  is  directly 
affected  by  the  current  demanded  by  the  latter.  This  combination 
of  the  shunt  and  series  is  termed  a  comi>ound  winding,  and  the 
usual  method  of  affecting  it  is  shown  by  Fig.  32.    Such  a  machine' 


is  called  a  compound  generator,  and  13  sometimes  use<l  for  lighting 
and  for  chaining  the  storage  batteries  of  automobiles. 

In  view  of  the  great  range  of  speed  variation  required  of  the 
automobile  motor,  the  series  wiring  is  sometimes  reversed  so  as 
to  act  against  the  shunt  instead  of  with  it,  in  order  to  prevent  an 
excessive  amount  of  flux  and  a  current  that  would  be  dangerous 
to  the  windings  themselves  due  to  a  very  high  speed.    The  compound 
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winding  then  opposes  the  shunt-winding  and  is  termed  a  bucking^ 
coil  or  winding.  This  is  referred  to  later  in  connection  with  the 
discussion  of  methods  of  regulating  the  generator  on  the  automobile. 

Forms  of  Field  Magnets,  For  greater  simplicity,  all  of  the 
illustrations  shown  in  connection  with  the  explanation  of  the  various 
types  of  generators  are  of  the  old  bipolar  type  in  a  form  long  ancc 
obsolete.  The  field  frame,  as  it  is  designated  may,  however,  take 
a  number  of  different  forms  depending  entirely  upon  the  designer's 
conception  of  what  best  meets  the  requirements  of  ample  power 
in  the  minimum  of  space  and  with  the  minimum  weight.  Fig. 
33  shows  some  typical  forms  of  field  frames  in  general  use  on  auto- 
mobile generators,  and  it  will  be  noted  that  in  addition  to  providing 
a  magnetic  circuit  the  field  frame  also  ser\^es  to  enclose  the  windings. 
These  are  known  as  "ironclad"  types  from  the  fact  that  all  parts 
are  thoroughly  enclosed  and  protected.  The  arrows  in  each  case 
indicate  the  paths  of  the  magnetic  circuits,  the  number  of  the  cir- 
cuits varying  with  the  number  of  pole  pieces.  The  form  at  il  has 
two  opposed  poles,  each  of  which  is  designed  to  carry  an  exciting 
coil  or  winding.  This  is  a  bipolar  machine.  Field  frame  B  b 
also  of  the  bipolar  type  but  only  one  pole  carries  an  exciting  winding, 
the  other  being  known  as  a  consequent  pole.  In  both  of  these 
field  frames,  it  will  be  noted  that  the  magnetic  circuits  are  long, 
which  adds  to  the  magnetic  reluctance  and  tends  to  decrease  the 
efficiency.  To  overcome  this,  multipolar  tj'pes  of  field  frames 
are  very  generally  employed.  One  of  these,  with  two  w*ound  or 
salient  poles  and  two  consequent  poles,  is  shown  at  D,  the  extra 
poles  making  four  short  instead  of  two  long  magnetic  circuits. 
C  is  a  multii)olar  type  with  four  salient  poles. 

Brushes.  Brushes  serve  to  conduct  the  current  generated 
by  the  armature  to  the  outer  circuit  and  to  the  field  coils  in  order 
that  the  excitation  of  the  latter  may  correspond  with  the  demand 
upou  the  generator.  The  brushes  originally  employed  were  strips 
of  coppcT  which  bore  on  the  comnuitator;  as  generators  increased 
in  size  these  brushes  wen;  built  up  of  thin  laminations  of  copper. 
Plain  copper  brushes  in  any  form,  however,  cause  an  excessive 
amount  of  sparking  which  is  ruinous  to  the  smooth  surface  and 
true  running  of  a  commutator.  Built-up  copper  gauze  brushes 
were  then  adopted,  and  they  were  fitted  to  bear  against  the  com- 
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mutator.  Though  an  unprovement,  these  did  not  meet  all  the 
requirements  and  were  in  turn  superseded  by  carbon  brushes, 
which  are  now  practically  universal.  The  carbon  brushes  usually 
bear  du'ectly  against  the  face  of  the  commutator,  either  through 
a  blunt,  squared  end,  or  one  that  is  slightly  beveled.  The  brush 
holders  are  generally  attached  to  rocker  rings,  which  allow  adjust- 
ments to  prevent  sparking;  in  these  holders  are  small  helical  springs 
under  compression,  which  serve  to  press  the  brush  against  the  commu- 
tator.  Ordinarily,  the  brushes  are  comj)osed  of  a  uniformly  smooth 
and  homogeneous  compound  of  carbon  that  soon  acquires  a  glazed 
surface  at  its  bearing  end  and  wears  indefinitely  without  requiring 
any  attention,  but  at  times  a  gritty  brush  will  be  found.  Such  a 
brush  scratches  the  commutator  surface,  wears  unevenly,  and  is 
generally  a  source  of  trouble. 

Badly  worn  commutators  frequently  result  from  the  use  of 
improper  brushes,  or  too  heavy  a  spring  pressure — also  from  too 
light  a  spring  pressure.  The  manufacturer  has  found  out  by  experi- 
ment and  study  just  what  character  of  brush  is  best  adapted  to 
his  particular  generator  or  starting  motor  and  also  the  exact  amount 
of  spring  pressure  that  is  necessary  to  insure  the  best  results.  Con- 
sequently, much  trouble  will  be  avoided  if  brushes  are  replaced 
only  with  those  supplied  by  the  manufacturer  of  that  particular 
machine,  in  connection  with  the  brush  springs  that  were  designed 
for  it.  There  are  electrical  as  well  as  mechanical  reasons  for  this, 
since  both  the  resistance  and  current-carrying  capacity  of  carbon 
brushes  vary.  This  has  been  taken  into  consideration  by  the  man- 
ufacturer who  has   provided  a  brush  especially   adapted  to  his 

machine. 

ELECTRIC  MOTOR  PRINCIPLES 

Theory  of  Operation.  A  machine  that  is  designed  to  convert 
mechanical  into  electrical  energy  or  the  reverse,  is  known  as  a 
dynamo^ledric  machine.  When  its  armature  is  rotated  by  an 
external  source  of  power,  such  as  a  steam  engine,  hydraulic  turbine, 
or  gasoline  engine,  it  is  a  generator.  By  sending  a  current  through 
it  from  another  generator  or  a  battery  it  converts  electrical  into 
mechanical  energy  and  is  a  motor.  It  is  evident,  then,  that  a 
generator  and  a  motor  are  fundamentally  one  and  the  same  thing, 
and  that  by  a  reversal  of  the  conditions  one  unit  may  be  made  to 
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Counter  E.M.F.  Though  being  rotated  by  means  of  cunent 
obtained  from  an  external  source  of  power,  it  is  apparent  that  tlie 
motor  armature  in  revolving  its  coils  in  the  magnetic  field  is  fulfilliiig 
the  conditions  previously  mentioned  as  necessary  for  the  generation 
of  an  e.m.f.  Experiment  shows  that  the  voltage  and  current  thus 
generated  are  in  an  opposite  direction  to  that  which  is  operating 
the  motor.  It  is  accordingly  termed  a  counter  e.m.f.  as  it  opposes 
the  operating  current.  This,  together  with  the  fact  that  the  resist- 
ance of  copper  increases  with  its  temperature  and  that  the  armature 

becomes  warmer  as  it  runs,  explains  why  the  reabtanoe  of  a  motor 

is  apparently  so  much  greater  when  running  than  when  standing 
idle.  The  counter  e.m.f.  approaches  in  value  that  of  the  Une  e.m.f.,  or 
voltage  at  which  current  is  being  supplied  to  the  motor.  It  can, 
of  course,  never  quite  equal  the  latter  for  in  that  case  no  current 
would  flow.  The  two  opposing  e.m.f. 's  would  equalize  each  other; 
there  would  be  no  difference  of  potential. 

Types  of  Motors.  Being  the  counterparts  of  electric  generators, 
electric  motors  differ  in  type  according  to  their  windings  in  the  same 
maimer  as  already  explained  for  generators.  The  plain  series-woimd 
motor  is  nothing  more  or  less  than  the  simple  series-wound  genoator 
to  which  reference  has  already  been  made;  the  shunt  and  compound 
motors  likewise  correspond  to  the  shunt  and  compound  generators 
But  while  the  series-wound  generator  was  of  extremely  limited 
application  and  has  long  since  become  obsolete,  the  series-wound 
motor  possesses  certain  characteristics  which  make  it  very  generally 
used.  It  is  practically  the  only  type  employed  for  starting  service 
on  the  automobile,  and  it  is  also  in  almost  universal  use  for  railway 
service.  The  reasons  for  this  are  its  very  heavy  starting  torque 
which  increases  as  the  speed  of  tlie  motor  decreases,  the  quick  drop 
in  the  current  required  as  the  motor  attains  speed,  and  its  libenl 
overload  capacity.  It  is  essentially  a  variable  speed  motor,  ani 
just  as  the  plain  series-wound  generator  delivers  a  current  varyinf 
with  the  speed  at  which  it  is  driven,  so  the  speed  of  the  motor  changes 
in  proportion  to  the  load.  These  are  characteristics  which  mab 
it  valual)le  for  use  both  as  a  starting  motor  for  the  gasoline  engine^ 
and  for  a  driving  motor  on  the  electric  automobile,  though  in  the 
latter  case  it  is  seldom  a  siin])le  series-wound  type.  As  its  speed 
is  inversely  proportional  to  the  load,  however,  it  tends  to  race  wfafl 
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tlie  load  is  light;  in  other  words,  it  will  "run  aw&y"  if  the  load  ia 
suddenly  removed,  as  in  declutching  from  the  automobile  engine 
after  startiDg  the  latter,  unless  the  current  is  instantly  shut  off  or 
very  much  reduced.  This  is  provided  for,  as  will  be  explained  in 
detail  later  in  connection  with  the  various  systems. 

Shunt  motors  and  compound-wound  motors  are  the  same  as 
thOT  counterparts,  the  generators  of  the  same  types,  but  aq  they  are 
not  used  in  this  connection,  no  further  reference  need  be  made  to 
them  here. 

Dyoamotors.  As  the  term  suggests,  this  Is  a  combination  of 
the  generator  («  dynamo  and  the  electric  motor,  and  it  is  a  hybrid 


for  which  the  automobile  starting  system  has  been  responsible. 
It  is  frequently  mistermed  a  "motor-generator"  and  while  its  assump- 
tion of  the  two  r61e3  may  justify  the  name,  the  use  of  the  term  is 
misleading  as  it  becomes  confused  with  the  motor-generators 
employed  for  converting  alternating  into  direct  current.  The  latter 
consist  of  an  a-c.  motor  on  one  end  of  a  shaft  and  a  d-e.  generator 
on  the  other  end  of  the  same  shaft.  The  two  units  are  distinct 
except  for  their  connection,  whereas  a  dynamotor  is  a  single  unit 
comprising  both  generator  and  motor,  and  it  can  perform  only 
one  of  these  functions  at  one  time.  A  motor-generator,  such  as  is 
used  in  garages  for  transforming  alternating  into  direct  current 
(ot  chai^g  stor^e  batteries,  must  carry  on  both  functions  at 
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same  time  in  order  to  operate.  That  is,  the  a-c.  motor  must 
as  a  motor  in  order  to  drive  the  d-c.  generator  and  cause  it 
:enerate  a  direct  curreut.  Hence,  the  term  motor-generator 
pplicd  to  the  single-unit  tj-pe  of  electric  starting  system  for  an 
mobile  is  not  in  accordance  with  the  accepted  meaning  of  the 
Is  and  is  likely  to  be  confusing. 

A  typical  example  of  the  dynamotor  is  to  be  found  in  the  Deico 
e-unit  system,  illustrated  in  Fig,  34.  This  is  really  the  windings 
vo  radically  different  machines,  a  shunt-wound  generator  and 
■ies-wound  motor,  placed  on  the  same  armature  core  and  field 
i.  As  will  be  noted,  the  terminals  of  the  two  sets  of  windings 
he  armature  are  brought  out  in  different  directions  and  two 
commutators  are  employed,  that  at  the 
right-hand  end  being  for  the  generator 
windings,  and  that  at  the  left  for  the 
motor.  The  method  of  winding  the 
armature  is  illustrated  by  Fig.  35,  which 
shows  the  generator  and  motor  wind- 
ings projected  on  a  plane.  In  the  pre- 
ceding illustration  the  detail  at  the  left 
shows  the  gearing  and  starting  connec- 
tion for  coupling  the  starting  motor  with 
the  flywheel  of  the  engine,  the  one  at 
the  right  an  ignition  distributor  for  the 
38.  Typied  Dry  B*t(crr         hlgh-tension  Current.     Both  of  these  are 
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of  the  battery.  The  cell  is  sealed  at  the  top  to  prevent  evaix>ration, 
since,  when  the  cell  does  actually  become  as  dry  inside  as  it  is  out- 
side it  is  no  longer  of  any  use.  Some  of  its  other  characteristics  are 
mentioned  under  "Ignition'',  Part  II. 

The  storage  battery  or  accumulator  does  not  generate  a  current 
in  any  sense  of  the  word.  By  means  of  a  much  more  complicated 
chemical  reaction  than  that  of  the  primary  cell  it  absorbs  a  charge 
of  electricity.  Upon  the  completion  of  the  circuit  of  a  storage 
cell  with  a  suitable  lojid  or  resistance,  such  as  driving  a  motor  or 
lighting  a  lamp,  a  reversal  of  this  chemic*al  process  takes  place  and 
the  battery  redelivers  a  part  of  the  current  which  it  has  previously 
absorbe<l.  Full  details  of  the  characteristics,  construction,  and 
working  of  the  storage  battery  are  given  in  the  article  on  * 'Electric 
Automobiles'*.  The  storage  battery  and  the  dry  cell  are  the  only 
two  forms  of  battery  employed  on  the  automobile  so  that  no  mention 
of  the  other  types  is  necessary,  particularly  as  all  but  very  few  of 
them  are  practically  obsolete. 

SUMMARY  OF  ELECTRICAL  PRINCIPLES 

GENERAL  PRINCIPLES 

The  importance  of  a  knowknlge  of  the  fundamental  principles 
of  electricity  and  of  its  characteristics  to  the  man  who  wishes  to 
familiarize  himself  with  the  electrical  apparatus  on  the  automobile 
to  the  point  where  he  can  readily  diagnose  and  remedy  its  ills  his 
already  been  dwelt  u])()n.  To  bring  these  out  more  clearly  and  make 
them  ciisicr  to  memorize,  they  are  repeate<l  here  in  the  form  of  a 
brief  n'sume  in  questions  and  answers. 

Q.  \\  hat  is  electrical  pressure,  and  to  what  may  it  be  com- 
pared? 

A.  Klectrical  pressure  is  electromotive  force,  usually  termed 
e.m.f.,  or  voltap*,  also  ])()tential,  and  may  he  likened  to  water  under 
pressure  in  a  ])ipe  or  to  com])resse(l  air  in  a  container. 

Q.  Of  what  does  this  electrical  pressure  consist,  and  how 
is  it  measured? 

A.  It  is  rt'])reM'iitr<i  hy  tlie  diilVreiice  of  potential  between  two 
points  in  a  circuit,  arnl   it    i>  iiicasiircd  in  volts. 

Q.     What  does  the  unit  volt  represent? 
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A.  The  volt  is  the  amount  of  e.m.f.  required  to  force  a  current 
of  one  ampere  through  a  resistance  of  one  ohm. 

Q.    What  is  the  ampere? 

A.    It  is  the  unit  of  current  flow. 

Q.    What  is  the  ohm? 

A.  The  imit  of  resistance  represented  by  a  length  of  wire 
that  will  pass  one  ampere  under  a  pressure  of  one  volt. 

Q.    In  what  unit  is  the  volume  of  current  flow  measured? 

A.  In  the  coulomb^  which  is  the  equivalent  of  one  ampere 
per  second. 

Q.  Are  the  factors  of  electrical  quantity,  flow,  and  pressure 
related,  and  how? 

A.  They  are  all  closely  related^  and  their  relation  is  governed 
by  the  factor  of  resistance. 

Q.    What  is  resistance,  and  of  what  may  it  consist? 

A.  Any  element  which  tends  to  retard  the  flow  of  the  current 
is  resistance.  It  may  consist  of  the  wire  of  the  circuit  itself;  the 
windings  of  different  apparatus  in  the  circuit,  such  as  an  induction 
coil  or  a  motor;  the  filament  of  a  lamp;  a  switch;  or  the  like. 

Q.    Are  these  the  only  forms  that  resistance  takes? 

A.  No.  Poor  joints  in  wires,  dirty  and  loose  connections, 
dirty  switch  blades,  all  produce  increased  resistance  in  the  circuit. 
These  are  undesirable  increases  in  the  resistance.  In  addition  to 
these,  there  are  special  resistances  intentionally  inserted  in  the 
circuit  to  serve  a  definite  purpose.  These  are  known  as  rheostats, 
resistance  coils,  windings,  or  grids,  according  to  the  form  they 
take. 

Q.  Why  is  it  desirable  to  keep  the  resistance  of  the  circuit, 
outside  of  that  produced  by  the  apparatus  itself,  at  a  minimum? 

A.  Because  any  resistance  other  than  that  interposed  by  the 
windings  of  the  motor,  the  filaments  of  the  lamps,  or  other  useful 
apparatus  in  the  circuit,  not  only  means  waste  current,  but  also 
prevents  the  full  amount  of  current  required  from  reaching  the 
desired  points. 

Q.    How  does  this  waste  occur? 

A.  In  a  poor  joint,  a  loose  connection,  or  a  dirty  switch  blade, 
the  current  is  dissipated  as  heat  and  accordingly  represents  that  much 
energy  passing  oif  into  the  air.  ^ 
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Q.  Can  undesirable  resistance  be  interposed  in  a  circuit  In  any 
ways  other  than  those  already  mentioned? 

A.  Yes,  by  the  use  qf  wire  too  small  to  carry  the  amount  of 
current  required  by  the  apparatus. 

Q.    What  is  the  effect  of  using  wires  too  small  for  the  current? 

A.  The  wires  waste  a  great  deal  of  the  current  in  heat  and,  if 
much  too  small  for  the  purpose,  are  likely  to  become  overheated  to 
a  point  at  which  they  will  burn  the  insulation  off  or  to  actually  become 
fused  by  the  current. 

Q.    What  determines  the  voltage  In  an  electrical  circuit? 

A.  The  potential,  or  voltage,  of  the  source  of  supply,  such  as 
a  storage  battery,  in  which  case  the  voltage  will  be  constant  less  the 
drop  caused  by  the  resistance  of  the  circuit;  or,  in  the  case  of  a  light- 
ing generator,  it  will  depend  upon  the  design  of  the  latter  (winding, 
etc.)  and  the  speed  at  which  it  is  running. 

Q.    How  may  the  voltage  be  varied? 

A.  In  the  case  of  a  battery,  by  varying  the  number  of  cells,  eadi 
cell  of  a  storage  battery  giving  approximately  2  volts.  In  a  gen- 
erator, by  varying  the  windings  of  the  field  and  the  armature  and  bv 
increasing  or  decreasing  the  speed  at  which  it  runs.  On  a  circuit 
having  a  higher  voltage  tlian  desired,  by  the  insertion  of  an  amount 
of  resistance  calculated  to  give  the  drop  required. 

Q.  Can  lamps  of  a  certain  voltage  be  burned  on  a  circuit  having 
a  higher  voltage? 

A.  Xot  if  inserted  directly  in  such  a  circuit.  For  example,  the 
standard  G-volt  lamp  cannot  be  used  directly  on  a  6-  or  a  12-cdl 
storage-battery  circuit  as  employed  for  the  lighting  and  starting 
systems  of  nuMiy  ears.  The  filament  would  immediately  bum  out, 
us  its  thickness  is  ciilcuhitcd  to  a  nicety  to  become  incandescent  when 
current  of  the  voltage  for  which  it  is  designed  is  passed  through  it, 
and  anything  in  excess  of  this  voltage  will  fuse  the  wire. 

Q.  How  can  lamps  of  lower  voltage  be  used  on  such  circuits 
without  the  employment  of  a  wasteful  resistance  to  cut  the  voltage 
down? 

A.  By  cutting  down  tlic  iniinhcr  of  cells  eniployc*d  for  the  light- 
ing, as,  for  cxainj)Ic,  where  12  cells  are  used  to  operate  the  start- 
ing motor,  the  battery  is  (li\  idcd  into  four  groups  of  3  cells  each 
for  the  lightinjz,  tlicsc  groups  delivering  current  at  6  volts,  while 
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the  complete  battery  has  a  potential  of  24  volts.  This  is  termed 
putting  the  battery  into  senes-mvUiple  connection,  which  is  explained 
further  under  the  head  of  "Circuits". 

Q.  When  the  voltage  is  lower  than  that  required  by  the  lamp, 
what  luq>pens? 

A.  The  lamp  filament  will  give  only  a  dull  red  glow  with  a  volt- 
age drop  of  but  20  per  cent  or  less  of  the  total,  since  there  is  insufficient 
potential  to  cause  the  current  to  bring  the  filament  wire  to 
incandescence. 

Q.  Is  the  insertion  of  any  apparatus,  such  as  lamps,  a  motor, 
etc.,  in  a  circuit  having  a  voltage  h^er  than  that  for  which  they  are 
designed  lOcely  to  dami^e  them? 

A.  Yes,  it  will  bum  them  out  if,  for  instance,  110-volt  lamps 
or  motors  are  connected  to  220- volt  current,  or  6-volt  lamps  put  on  a 
12- volt  circuit. 

Q.    Does  the  opposite  also  hold  true? 

A.  No.  The  apparatus  will  merely  fail  to  function  properly  if 
put  on  a  circuit  of  a  voltage  lower  than  that  for  which  it  is  designed. 

OHM'S  LAW 

Q.    What  is  Ohm's  law? 

A.  It  is  the  basis  of  all  computations  concerning  the  flow  of 
an  electric  current.  It  is  stated  as  current  equals  voUage  divided  by 
resistance  and  may  be  transposed  to  find  any  of  the  three  factors,  as, 
resistance  equals  vdltage  divided  by  current,  so  that,  given  any  two  of  the 
factors,  the  third  may  be  readily  determined. 

Q.  How  is  the  power  equivalent  of  an  electric  current 
expressed? 

A.  Power  equals  current  times  voltage,  the  product  being 
watts,  as  one  volt  times  one  ampere  equals  one  watt. 

Q.    How  many  watts  are  there  in  a  horsepower? 

A.  746.  Electrical  horsepower,  however,  is  usually  figured  in 
kilowatts,  or  units  of  one  thousand  watts,  generally  abbreviated  to  KW. 

Q.  Given  a  6-Volt  storage  battery  fully  charged  and  a  circuit 
including  a  starting  motor,  the  total  resistance  of  which  (idle)  is  .1 
ohm,  how  much  current  will  pass  through  the  motor? 

A.  As  current  equals  voltage  divided  by  resistance,  we  have 
6-^.l=60  amperes. 
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Q.  If,  instead  of  a  heavy  stranded  cable  between  the  battery 
and  motor,  we  substitute  a  fine  wire  having  a  resistance  of  10  ohms, 
how  much  current  will  pass? 

A.     Only  .6  ampere. 

Q.  What  would  happen  if  a  very  small  wire  were  employed  to 
connect  the  starting  motor  with  the  battery? 

A.  Not  sufficient  current  would  reach  the  motor  to  operate  it, 
and  the  wire  would  probably  be  fused  by  the  heating  effect  of  the 
heavy  current. 

Q.  If  one  horsepower  be  required  to  turn  the  engine  over  at 
100  r.p.m.,  and  the  car  is  equipped  with  a  6-volt  battery,  how  many 
amperes  will  be  necessary  to  start? 

A.  As  power  divided  by  voltage  equals  current,  746-7-6  =  124^ 
amperes. 

Q.    How  is  the  power  equivalent  usually  expressed? 

A.     Power  equals  current  times  voltage. 

Q.  As  the  voltage  is  one  of  the  chief  determining  factors,  what 
effect  does  doubling  it  have? 

A.  Reduces  by  one-half  the  amount  of  current  required,  exacdy 
the  same  as  doubling  the  pressure  of  a  steam  boiler  reduces  corre- 
spondingly the  volume  of  steam  necessary  to  perform  the  same 
amount  of  work. 

Q.  If  the  voltage  be  cut  in  half,  what  will  be  necessary  to  per^ 
form  the  same  amount  of  work? 

A.     The  number  of  amperes,  or  amount  of  current,  must  be 

doubled. 

MAGNETISM 

Q.     What  is  magnetism? 

A.  It  actually  is  electricity  in  another  form  and  is  evidenced 
by  the  attraction  or  repulsion  that  one  magnet  exerts  on  another, 
or  that  any  piece  of  magnetized  metal  has  for  objects  of  steel  or  iron. 

Q.  How  is  this  relation  between  magnetism  and  electricity 
shown? 

A.  By  the  fact  that  they  arc  interchangeable.  By  passing  • 
current  of  electricity  throiigli  a  coil  surrounding  an  iron  or  steel  bar, it 
becomes  magnetic;  upon  moving  a  magnetized  piece  of  metal  clofle 
to  a  coil  of  wire,  a  current  of  electricity  is  induced  in  the  wire, 

Q.    What  is  meant  by  the  polarity  of  a  magnet? 
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A.  Upon  being  magnetized,  a  bar  of  steel  will  attract  other 
pieces  of  metal  (iron  or  steel)  indiscriminately,  but  upon  being 
brought  close  to  another  magnet,  it  will  display  an  attraction  at 
one  end  and  a  repulsion  at  the  other  for  the  second  magnet.  In 
other  words,  the  magnetic  attraction  at  both  ends  is  not  the  same. 
These  ends  are  termed  the  poles,  one  north  and  the  other  south, 
by  analogy  with  the  compass  which  is  merely  a  magnetized  needle 
having  a  natural  tendency  to  point  north  and  south. 

Q.    What  other  characteristics  do  the  poles  of  a  magnet  display? 

A.  They  show  that  the  force  of  the  magnet  is  practically 
concentrated  at  these  poles,  as  the  magnetic  attraction  is  very 
much  less  at  any  other  part  of  the  bar. 

Q.    What  is  the  law  of  magnetic  attraction  and  repulsion? 

A.  Like  poles  repel  one  another  and  unlike  poles  attract.  In 
other  words,  if  a  bar  magnet  be  suspended,  and  the  north  pole  of 
a  second  magnet  be  held  close  to  the  north  pole  of  the  suspended 
magnet,  the  latter  will  swing  away;  if  the  south  pole  of  the  second 
magnet  be  approached  to  the  north  pole  of  the  suspended  magnet, 
the  latter  will  swing  toward  the  former  until  they  touch. 

Q.    How  does  the  force  of  this  attraction  or  repulsion  vary? 

A.  Inversely  as  the  square  of  the  distance,  i.e.,  separating 
the  poles  by  twice  the  distance  reduces  the  force  acting  between 
them  to  one-fourth  its  value.  For  example,  if  two  magnets  exhibit 
a  strong  attraction  for  each  other  at  a  distance  of  one-half  inch, 
the  attraction  will  be  four  times  stronger  when  they  are  separated 
by  only  one-fourth  inch. 

Q.    What  are  the  chief  magnetic  substances? 

A.    Iron  and  steel. 

Q.    What  is  meant  by  the  magnetic  field? 

A.  The  space  immediately  surrounding  the  poles  and  at  which 
the  magnetic  force  is  most  plainly  apparent,  as  shown  by  the  experi- 
ments with  filings  which  graphically  illustrate  the  field  of  influence 
of  the  magnet,  and  from  which  the  term  in  question  originates. 

Q.    What    is    a    magnetic    circuit? 

A.  The  path  followed  by  the  magnetic  flux,  or  flow,  from  one 
pole  to  the  other. 

Q.  What  analogy  is  there  between  the  poles  of  a  magnet 
and  the  flow  of  a  current  in  an  electric  circuit? 
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A.  The  current  is  said  to  flow  from  the  positive,  or  north,  pule 
of  a  battery  or  generator,  to  the  negative,  or  south,  pole  to  complete 
the  circuit,  exactly  as  the  lines  of  force  in  a  magnet  flow  to  completf 
the  magnetic  circuit. 

Q.  How  can  the  polarity  of  a  current  flowing  in  a  wire  be  dete^ 
mined  by  a  simple  experiment? 

A.  Hold  a  small  pocket  compass  close  to  the  wire.  If  the  necdk 
of  the  compass  is  attracted  at  its  north  pole  to  the  wire,  the  cunwit 
flowing  in  the  latter  is  negative  (south  pole),  as  unlike  poles  attnwi. 
and  ince  versa.  This  will  be  true  only  when  a  direct  current  is  flowins 
ill  the  wire,  since  an  alternating  current,  as  the  term  indicates,  alter- 
nates ill  polarity  with  every  cycle. 

Q.    What  are  lines  of  force? 

A.  The  invisible  flow  of  magnetic  influence  from  the  north  to 
the  south  pole  of  a  magnet  or  about  any  conductor  carrying  an 
electric  current. 

Q.    What  is  a  solenoid? 

A.  A  hollow  coil  of  wire  through  which  a  current  may  be  passe^i 
to  produce  a  magnetic  field. 

Q.  What  is  the  difference  between  a  permanent  magnet  and  u 
electromagnet? 

A.  When  a  })ieee  of  hard  steel  has  been  magnetized,  either  b> 
being  rubbed  on  another  magnet  or  by  being  placed  in  a  solenokl 
through  which  a  current  is  passed,  the  steel  retains  a  large  percentaf^e 
of  its  magnetism  when  removed  from  this  magnetic  field  and  is  said 
to  be  a  permanent  magnet.  An  electro  magnet  consists  of  a  soft  irot 
or  steel  core  on  which  a  coil  of  wire  is  wound.  WTien  a  current  passes 
through  the  wire,  the  coil  becomes  strongly  magnetic,  but  when  the 
current  ceases,  the  magnetism  does  likewise. 

Q.  When  a  bar  of  iron  is  placed  partly  in  the  coll  of  a  solenoid 
through  the  winding  of  which  a  current  is  passed,  what  takes  place? 

A.  The  bar  is  strongly  attracted  to  the  center  of  the  coil  ant* 
held  there. 

Q,  How  is  this  principle  taken  advantage  of  in  electric  startiii| 
and  lighting  systems  on  the  automobile? 

A.  It  is  employed  for  the  openition  of  electromagnetic  switches 
for  the  starting  motor,  and  it  is  also  the  principle  upon  which  thf 
electromagnetic  gear  shift  depends  for  its  operation. 
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Q.    What  effect  has  the  hisertlon  of  an  iron  con  in  a  solenoid? 

A.  It  greatly  iacreasea  the  flow  of  magnetism  througli  the  sole- 
Ad,  with  the  same  amount  of  current  passing  through  the  winding 
the  latter. 

Q.  What  effect  has  reversing  the  dtrectioD  io  which  the  current 
passed  through  the  winding  of  a  solenoid? 

A.  It  reverses  the  polarity  of  the  latter  so  that  if  the  core  were  a 
ir  of  hard  steel,  it  would  be  drawn  into  the  opening  of  the  solenoid 
ith  the  current  in  one  direction,  and  expelled  from  it  when  the  cur- 
at was  reversed. 

Q.  What  bearing  have  the  principles  of  magnetic  attraction  and 
tpulston  and  of  magnetic  polarity  on  electric  generator  and  motor 
deration? 

A.  They  are  the  fundamental  principles  upon  which  the  opera- 
an  of  all  electric  generators  and  motors  are  based. 

INDUCTION 
Q.    What  Is  the  (vinciple  of  electric  Induction? 

A.  If  a  cireuit  carrying  an  electric  current  be  opened  and  closed 
jickly  in  the  case  of  direct  current,  and  a  coil  of  wire  be  held  close 
>  this  circuit,  a  current  will  be  induced  in  the  coil.  If  the  latter  be 
ound  on  an  iron  core,  the  induced  current  will  be  very  much  stronger, 
id  if  both  the  active  circuit  and  the  coil  are  on  the  same  magnetic 
»re,  the  maximum  inductive  effect  will  be  produced.  The  latter  is, 
effect,  a  transformer,  and  if  an  alternating  current  be  sent  through 
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ingly  magnetized  to  full  strength  with  a  certain  polarity,  is  then 
demagnetized  and  again  remagnetized  with  the  opposite  polarity, 
and  it  is  this  rise  and  fall  in  the  strength  of  the  magnetic  field  frcm  I 
zero  to  maximum,  first  in  one  direction  and  then  in  the  other,  that 
causes  the  inductive  effect. 

Q.    What  is  a  cycle? 

A.  It  consists  of  one  alternation  from  zero  to  maximum  in  ODe 
direction,  back  to  zero  and  then  to  the  maximum  in  the  opposite 
direction,  and  back  again  to  zero.  The  ordinary  house-lighting 
supply  current  is  60  cycles,  i.e.,  it  alternates  60  times  p)er  second, « 
'M){)()  times  per  minute.  It  is  owing  to  this  extreme  rapidity  in  alterna- 
tion that  no  flickering  is  apparent  in  an  incandescent  lamp  fed  by 
alternating  current. 

Q.  Where  alternating  current  is  not  avaiiabiey  how  can  a  traos" 
former  be  operated? 

A.  By  making  and  breaking  the  circuit  at  a  high  rate  of  speec. 
as  with  a  vibrator  used  on  automobile  induction  coils. 

Q.  In  general,  why  is  no  vibrator  necessary  on  a  coil  ^tea 
fed  with  current  from  the  magneto? 

A.     Because  the  magneto  supplies  an  alternating  current. 

Q.  On  the  so=called  dual  system  of  ignition,  the  same  coil  witb* 
out  any  vibrator  is  used  with  both  the  battery  and  magneto  as  a  source 
of  current.     How  is  this  effected? 

A.  The  eireiiit  breaker,  or  interruptor,  of  the  magneto  takes  tf^ 
place  of  the  vibrator  when  the  battery  is  used.  The  current  froni 
the  niat^neto  alt(M*nates  twice  per  revolution  and  the  circuit  is  broken 
at  the  breaker  points  the  same  number  of  times. 

Q.  What  relation  does  the  induced  current  bear  to  the  current 
from  the  source  of  supply? 

A.  This  (le[)eiKls  upon  tlie  transformer  and  the  purpose  fc^r 
which  it  is  intended.  On  the  automobile  where  it  is  desired  to  raii« 
the  current  to  a  high  voltage  to  enable  it  to  bridge  the  gap  of  the  spark 
plugs,  the  transformer  is  known  as  a  ftfcp-up  type,  i.e.,  it  takes  current 
at  a  low  voltage  and  transforms  it  to  one  of  high  voltage,  or  tension. 
The  original,  or  primary,  current  j)asses  through  a  winding  of  a  com- 
paratively small  number  of  turns  of  coarse  wire  on  a  core  of  soft  iron 
wires.  Directly  over  this  winding  is  a  second  one  consisting  of  a  great 
number  of  turns  of  very  fine  wire.     This  is  known  as  the  secondary 
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winding,  and  the  current  induced  in  it  is  termed  a  secondary  curtni. 
The  voltage  of  this  secondary  current  depends  upon  the  voltage  of  the 
source  of  supply  and  the  proportion  that  the  number  of  turns  in  the 
secondary  winding  bears  to  that  of  the  primary  winding. 

Q.  Is  the  transformer  used  in  any  other  form  or  type  on  the 
automobile? 

A.  In  the  so-called  true  high-tension  type  of  magneto,  the  trans- 
former is  made  integral  with  the  armature,  the  fine  wire,  or  secondary 
winding,  being  placed  directly  over  the  coarser  winding  that  serves 
to  generate  the  current.  The  step-up  is  the  only  type  of  transformer 
used  on  the  automobile. 

CONDUCTORS 

Q.  Do  materials  diflfer  greatly  in  their  ability  to  conduct  elec- 
tricity, and  which  are  the  most  efficient  in  this  respect? 

A.  They  vary  all  the  way  from  absolute  insulators  to  those 
metals  which  will  pass  the  electric  current  with  the  minimum  resist- 
ance, such  as  silver,  copper,  and  aluminum. 

Q.  Do  the  characteristics  of  a  material  affect  its  current-con- 
ducting ability? 

A.  Very  greatly.  The  harder  copper  is,  the  poorer  its  conduc- 
ti\4ty,  and  this  is  likewise  the  case  witli  steel. 

Q.  Name  the  different  materials  in  the  order  of  their  current- 
conducting  ability. 

A.  Silver  in  pure  state,  soft  copper,  brass,  aluminum,  iron,  steel, 
carbon,  German  silver,  etc.;  also  water,  depending  upon  how  alkaline 
or  acid  it  is. 

Q.    Is  German  silver  a  good  conductor? 

A.  No.  It  is  known  as  high-resistance  conductor  and  is  accord- 
ingly used  chiefly  for  winding  resistances  and  not  for  the  wires  of  a 
circuit. 

Q.    What  are  some  good  insulators? 

A.  Wood,  glass,  resin,  paralBSn  wax,  silk,  cotton,  asbestos,  rub- 
ber, and  similar  mineral  or  vegetable  substances. 

Q.  Are  they  always  equally  good  insulators,  regardless  of  their 
condition? 

A.  They  are  efficient  as  insulators  only  when  dry.  The  pres- 
ence of  moisture  on  any  of  them  affords  a  path  for  the  current  to 
cross  them. 
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Q.  What  effect  on  the  ability  of  the  conductor  to  carry  a  current 
has  the  amount  of  material  used? 

A.  The  resistance  is  increased  with  a  decrease  in  size  and  is  also 
increased  directly  as  the  length  of  the  conductor. 

Q.  Where,  for  mechanical  or  other  reasons,  it  is  not  practical 
to  use  copper  or  aluminum,  how  can  an  equally  efficient  conductor 
of  some  other  material  be  provided? 

A.  By  increasing  the  amount  of  material  employed  in  the  same 
proportion  that  its  conductivity  bears  to  that  of  copper.  For 
example,  assuming  that  steel  is  only  one-thirtieth  as  good  a  conductor 
as  copper,  thirty  times  as  much  of  it  must  be  employed  to  give  the 
same  conductivity. 

Q.    Give  an  example  of  this? 

A.  The  single-wire  system  of  connecting  the  starting  and  light- 
ing outfit  on  an  automobile.  A  small  copper  cable  forms  one  side  of 
the  circuit,  while  the  entire  chassis  forms  the  other.  The  ordinar} 
trolley-road  circuit  is  another,  the  small  overhead  wire  forming  one 
side  of  the  circuit,  and  the  rails  on  which  the  car  runs,  the  other. 

Q.  Name  some  of  the  materials  which  are  employed  for  their 
high  resistance  to  the  current. 

A.  German  silver,  iron  ware,  cast  iron  in  the  form  of  grids  of 
small  cross-section,  and  carbon.  Very  fine  copper  wire  is  also 
employed  where  the  resistance  desired  is  not  very  great,  and  space 
considerations  permit  its  employment. 

Q.    What  is  meant  by  the  ''specific  conductivity"  of  a  material? 

A.  Its  ability  to  conduct  the  current  as  compared  with  that  of 
pure  silver  which  has  a  specific  conductivity  of  one. 

Q.  Does  this  ability  of  a  conductor  to  convey  the  current  vaiy 
particularly  with  a  great  increase  in  voltage? 

A.  Yes.  The  so-called  high-tension  current  which  has  been 
stepped-up  in  a  transformer  from  the  ()-volt  potential  of  the  3-cdI 
storage  battery  to  many  thousand  volts  for  ignition  purposes  wiJ 
cross  surfaces  and  penetrate  materials  that  are  perfect  insulators  to 
the  low-tension  current.  P\)r  example,  the  high-tension  current  wil 
leak  across  a  moist  wooden  surface  or  it  will  sometimes  puncture  thf  | 
one-fourth  inch  of  rubber  and  cotton  insulation  of  the  secondary  cablf* I 

Q.  What  is  one  of  the  chief  effects  of  transforming  a  current ^ 
a  low  voltage  to  one  of  hiH>  potential? 
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A.  It  enables  the  current  to  leap  an  air  gap,  the  width  of  which 
is  proportioned  to  the  voltage  itself.  The  greater  the  voltage  the 
greater  the  width  of  the  gap  it  will  jump.  This  is  the  principle  on 
which  the  spark  plug  is  based. 

HIQH-TENSION  CURRENTS 

Q.  When  a  current  of  2  amperes  at  6  volts,  such  as  would  be 
consumed  by  the  ordinary  ignition  coil  from  a  storage  battery,  is 
transformed  to  a  h^h  potential,  is  the  amount  of  current  still  the 
same?  In  other  words,  can  2  amperes  at  6  volts  be  transformed  or 
stepped-up  to  2  amperes  at  10,000  volts? 

A.  No.  The  current  decreases  as  the  voltage  increases.  For 
example,  to  make  the  comparison  more  clear,  consider  a  current  of 
10  amperes  at  100  volts.  This  is  passed  through  a  step-up  trans- 
former, of  which  the  ignition  coil  is  a  type,  and  is  given  a  potential  of 
1000  volts.  The  current,  however,  would  then  be  1  ampere,  that  is, 
the  ciurent  decreases  in  the  same  proportion  that  the  voltage  is 
increased.  The  opposite  is  also  true.  By  passing  this  current  of  1 
ampere  at  1000  volts  through  a  step-down  transformer,  it  may  be 
converted  into  a  current  of  100  amperes  at  10  volts.  It  will  be  noted 
that  the  product  of  volts  times  amperes  in  any  of  the  above  instances 
cited,  or  of  any  possible  combinations  that  can  be  made,  is  always  the 
same.  In  other  words,  a  certain  amount  of  energy  is  sent  through  the 
transformer,  and  the  same  amount,  barring  losses  due  to  the  trans- 
formation process  itself,  is  taken  out. 

Q.  Is  there  any  mechanical  analogue  of  this  process  of  trans- 
forming a  cun-ent  up  or  down  to  impress  upon  it  a  greater  or  lesser 
potential? 

A.  There  is  nothing  in  mechanics  that  corresponds  exactly  to 
this  peculiar  property  of  electricity.  The  resulting  change  in  the 
form  in  which  the  energy  is  applicable  as  a  result,  however,  may 
readily  be  compared  with  mechanical  standards.  For  example, 
we  may  have  in  a  very  small  boiler,  a  pressure  of  1000  pounds  to  the 
square  inch,  but  a  volume  of  only  one  cubic  foot  of  steam.  This 
small  amount  at  its  high  pressure  represents  the  equivalent  in  energy 
of  10  cubic  feet  of  steam  at  a  pressure  of  100  pounds. 

Q.  What  i3  the  object  of  stepping  the  current  up  to  such  high 
voltages? 
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A.  On  the  automobile,  simply  to  enable  it  to  jmnp  the  gap  of 
the  spark  plug  and  fire  the  charge.  In  ordinary  conmiereial  service, 
to  permit  of  sending  it  long  distances  with  a  minimum  expenditure 
for  copper  wire  and  a  minimum  loss  in  the  amount  of  energy 
transmitted. 

CIRCUITS 

Q.    What  is  meant  by  an  electric  circuit? 

A.  The  path  by  which  the  electrical  energy,  or  current,  is  said 
to  flow  from  and  return  to  its  source. 

Q.  Is  a  circuit  absolutely  necessary  in  order  to  permit  of  utiliz- 
ing electricity? 

A.  Unless  there  is  a  circuit  or  complete  path  for  the  current, 
it  does  not  flow. 

Q.  Must  a  circuit  be  comprised  completely  of  wires  leading 
from,  and  returning  to,  the  source,  such  as  the  battery  or 
generator? 

A.  No,  it  is  not  necessary  that  wire  be  used  for  both  sides  of 
the  circuit.  One  side  or  the  other  may  be  composed  of  a  ground^ 
such  as  the  tracks  of  a  trolley  system,  the  overhead  wire  consti- 
tuting the  other  side  of  the  circuit,  or  in  the  case  of  a  single-wire 
lighting  and  starting  system  in  which  one  cable  is  employed  to  con- 
duct the  current  from  the  battery  to  the  starting  motor  and  lights, 
and  the  chassis  itself  forms  the  ground  return  for  both. 

Q.    How  many  forms  of  circuits  are  there  in  general  use? 

A.  Three:  the  series,  the  multiple,  and  the  series -multiple. 
In  the  first,  all  apparatus  in  the  circuit  is  in  series.  That  is,  all  the 
current  from  the  source  must  pass  through  each  instrument  or  light 
in  turn  to  complete  the  circuit.  In  tlie  multiple  type  of  circuit, 
every  instrument  or  light  on  it  is  independent  of  all  the  others. 
Lights  may  be  turned  on  or  off,  motors  started  or  stopped,  without 
interfering  in  any  way  with  any  of  the  others.  As  its  name  indicates, 
the  series-multiple  is  a  combination  of  the  two  forms  of  circuits.  For 
example,  in  using  incandescent  lamps  to  cut  down  the  current  for 
charging  a  storage  battery  from  the  lighting  mains,  the  lamps  them- 
selves are  in  multiple,  but  the  whole  hank  of  lamps  is  in  series  wiA 
the  storage  battery.  See  illustration  on  charging  storage  battery 
direct  from  lighting  mains. 
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Q.  Which  of  these  forms  of  circuit  is  in  most  general  use  on  the 
automobile? 

A.  Ail  three  will  be  found  on  practically  every  car  equipped 
untb  a  starting  and  a  lighting  system.  For  instance,  the  starting 
motor  is  operated  in  series  with  the  battery,  while  the  lamps  are  wired 
in  multiple  for  the  side  and  head  lights,  and  the  speedometer  and  tail 
light  are  wired  in  series  as  a  branch  of  the  multiple-lighting  circuit, 
thus  giving  a  series-multiple  circuit.  The  ignition  distributor,  coil, 
and  battery  are  in  series. 

Q.    What  is  meant  by  a  grounded  circuit? 

A.  This  is  ordinarily  used  to  indicate  that  through  lack  of 
insulation  at  some  part  of  the  wire,  or  similar  injury,  the  circuit  has 
been  shortened,  owing  to  this  bare  wire  touching  a  grourtd,  thus  per- 
mitting the  current  to  return  to  its  source  without  passing  through 
whatever  instruments  there  may  be  on  the  circuit.  A  grounded  cir- 
cuit, however,  is  also  one  in  which  one  side  consists  of  a  ground  return 
instead  of  having  two  wires.  This  is  frequently  distinguished  by 
being  termed  a  ground-reium  circuit. 

Q.    What  is  a  short-circuit? 

A.  As  the  term  indicates,  a  completion  of  the  circuit  short  of  the 
point  or  apparatus  which  the  current  is  intended  to  reach.  The 
example  just  cited  is  a  short  circuit  as  well  as  a  ground,  sometimes 
termed  a  grounded  ahort-circuU.  In  other  words,  the  abrasion  of  the 
insulation  of  one  of  the  conductors  has  permitted  the  current  to 
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HYDRAULIC  ANALOGUE 

Q.  What  is  a  hydraulic  analogue,  and  what  bearing  has  it  on  an 
electrical  system? 

A.  It  is  a  comparison  of  the  electrical  system  with  a  hydraulic 
or  water-pressure  system  and  serves  to  make  clear  the  resemblance 
or  analogy  that  exists  between  the  principles  upon  which  both  operate. 

Q.  What  type  of  hydraulic  system  is  similar  to  an  electrical 
system  consisting  of  a  generator,  external  circuits,  and  lamps,  motors, 
or  the  like,  as  a  load? 

A.  A  constant-pressure  system  in  which  the  pumps  keep  the 
water  in  the  pipes  under  a  certain  amount  of  pressure  corresponding 
to  the  demand.  WTien  the  demand  increases,  the  supply  does  like- 
wise and  vice  versa,  (In  the  case  of  the  pumping  system,  this  is  not 
automatic,  but  is  controlled  by  the  attendant.) 

Q.  To  what  does  the  pressure  of  such  a  pumping  system  corre- 
spond in  the  electrical  system? 

A.     To  the  voltage,  or  electromotive,  force. 

Q.  Can  there  be  voltage,  or  potential,  in  an  electrical  system 
without  a  flow  of  current? 

A.  Yes,  exactly  as  in  the  pumping  system  in  which  there  is 
always  a  constant  pressure  on  the  water  in  the  pipes  whether  the 
water  is  escaping  through  any  of  the  outlets  or  not.  In  other  words,* 
there  may  be  pressure  but  no  flow.  The  same  thing  is  true  of  the 
generator.  If  it  be  turning  at  its  normal  speed  and  is  wound  to 
produce  current  at  100  volts,  tliere  will  be  a  potential  of  100  volts 
across  its  terminals,  even  though  there  are  no  lamps  or  motors 
switched  on  in  the  external  circuit. 

Q.  How  does  the  resistance  of  the  pipe  lines  in  the  water  system 
compare  with  the  resistance  of  the  wires  in  a  circuit  to  the  electric 
current? 

A.  It  is  nearly  the  siime.  It  varies  inversely  as  the  size  of 
the  pipe  and  directly  as  its  length.  The  smaller  the  pipe  the  greater 
the  resbtance  per  foot;  the  longer  the  pipe  the  greater  the  total 
resistance.  In  the  same  way,  the  n^sistaiiee  to  the  electric  current 
increases  with  the  decrease  in  the  size  of  the  wire  and  increases  with 
the  length  of  the  wire,  the  chief  (lilFerenee  being  that  bends  or  turns 
in  the  wire  do  not  add  to  the  electrical  resistance,  whereas  bends  in 
the  pipe  impose  greatly  added  resistance  to  the  flow  of  water. 
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Q.  What  conqMiison  may  be  made  between  the  speed  at  which 
the  generator  and  the  punq>s  run? 

A.  The  greater  the  speed,  the  greater  the  pressure  in  the  case  of 
the  pumps,  and  of  the  voltage  in  the  case  of  the  generator.  Below 
a  certain  speed,  usually  termed  the  normal  speed,  there  is  a  sharp 
falling  off  in  the  pressure  in  both.  Neither  can  be  operated  safely 
at  an  excessive  speed. 

Q.  What  is  the  cause  of  the  increase  in  voltage  with  increasing 
speed  in  the  case  of  the  generator? 

.\.  Voltage,  or  electromotive  force,  is  generated  by  the  coils, 
or  windings,  of  the  armature  cutting  the  magnetic  lines  of  force  of 
the  field  of  the  generator.  The  greater  the  number  of  times  that 
these  coils  pass  through  the  lines  of  force  per  minute,  the  greater 
the  voltage  will  be. 

Q.    How  does  fall  in  pressure  correspond  to  voltage  drop? 

A-  To  reach  the  end  of  the  piping  system,  the  water  must  over- 
come the  resistance  of  the  latter  to  its  passage,  and  the  friction 
involved  robs  it  of  some  of  its  pressure  in  overcoming  this  resistance. 
*  (insequently,  there  is  less  pressure  at  the  outlet  a  mile  away  from 
th(>  pum[>s  than  there  is  at  the  pumps  themselves.  The  same  thing  is 
tnie  of  the  electric  circuit.  The  current  must  force  its  way  through 
the  wires  by  reason  of  its  voltage  or  pressure  and,  in  so  doing,  some  of 
the  voltage  is  lost  in  overcoming  the  resistance  of  the  wires,  joints, 
switches,  and  the  like.     In  both  cases  allowance  for  this  loss  is  made 
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connections,  dirty  switch  contacts,  dirty  commutator,  and  worn 
brushes  are  apt  to  increase  the  resistance  to  a  point  where  the  voltage 
drop  is  in  excess  of  this,  the  importance  of  properly  maintaining  these 
parts  of  the  system  may  be  appreciated. 

Q.  How  does  the  flow  of  water  correspond  to  the  flow  of 
current? 

A.  In  both  cases,  the  amount  is  proportionate  to  the  resistance 
of  the  outlet  and  to  the  pressure  back  of  the  current,  whether  w^ater 
or  electricity.  In  other  words,  the  volume  of  water  that  will  flow 
depends  upon  the  size  of  the  outlet  (the  smaller  the  outlet  the  greater 
the  resistance  to  the  flow)  times  the  pressure  back  of  it.  In  the  same 
way  the  number  of  amperes  that  will  flow  when  the  circuit  is  closed 
depends  upon  the  voltage  of  the  circuit  divided  by  the  resistance 
(Ohm*s  law).  For  example,  the  ordinary  16  c.p.  carbon-filament 
lamp  for  a  110-volt  circuit  has  a  resistance  of  220  ohms,  which, 
divided  by  110,  gives  J  ampere  as  the  current  that  will  flow  when  the 
lamp  is  switched  into  the  circuit. 

Q.  Can  the  piping  system  properly  be  compared  with  an  electric 
circuit? 

A.  In  practically  every  way  except  that  of  the  return  required 
for  the  latter.  For  example,  the  opening  of  a  series  of  outlets  in  the 
piping  system  reduces  the  pressure  in  proportion  to  the  number 
opened;  so  in  connecting  a  number  of  different  pieces  of  apparatus 
in  series  in  an  electric  circuit,  the  voltage  through  each  will  decrease 
as  another  is  added.  It  may  also  be  compared  with  a  parallel  or 
multiple  circuit  in  that  the  opening  of  one  outlet  does  not  prevent 
drawing  water  from  another.  A  break  in  a  main  corresponds  to  a 
short-circuit  or  a  ground  in  that  no  water  can  then  be  drawn  from  any 
outlet  beyond  the  break.  The  comparisons  between  the  piping 
system  and  the  circuit  are  not  exact,  owing  to  the  lack  of  any  neces- 
sity for  a  return  in  the  case  of  the  water  piping,  but  they  serve  to 
make  clearer  some  of  the  fundamentals  of  the  electric  circuit. 

GENERATOR  PRINCIPLES 

Q.    What  makes  it  possible  to  generate  a  current  of  electricity 
by  mechanical  means? 

A.     The  fact  that  electricity  and  magnetism  are  different  mani- 
festations of  the  same  force  and  that,  given  one,  the  other  may  be 
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produced.  Also  the  fact  that  they  are  readily  interchangeable, 
i.e.,  one  may  be  readily  converted  into  the  other. 

Q.  On  what  fundamental  principle  does  the  generation  of  elec- 
tricity in  this  manner  depend? 

A.     That  of  induction. 

Q.    How  is  it  utilized? 

A.     By  revolving  a  coil  of  wire  in  the  field  of  a  magnet. 

Q.    What  occurs  when  this  is  done? 

A.     An  e.m.f .  is  generated  in  the  coil. 

Q.    Describe  the  simplest  form  of  generator. 

A.  Such  a  generator  consists  of  a  horseshoe  magnet  between 
the  poles  of  which  a  coil  of  wire  is  revolved. 

Q.  What  governs  the  strength  of  the  e.m.f.  or  potential,  thus 
generated? 

A.  The  speed  with  which  the  conductor  or  wire  revolves,  or  is 
said  to  "cut  the  lines  of  force"  of  the  magnetic  field. 

Q.    How  can  this  potential  be  further  increased? 

A.  By  winding  the  coil  of  wire  on  an  iron  core,  as  the  iron 
becomes  strongly  magnetic  and  greatly  increases  the  inductive  effect. 

Q.  What  is  this  simplest  form  of  generator  consisting  of  horse- 
shoe magnets  for  the  field  and  of  a  single  winding  on  an  iron  core 
termed,  and  for  what  is  it  employed  on  the  automobile? 

A.  It  is  known  as  a  magneto  and  is  generally  employed  for  pro- 
ducing the  current  needed  for  ignition  purposes. 

Q.  Can  such  a  generator  be  directly  employed  for  charging  a 
storage  battery  or  for  lighting  lamps? 

A.  No,  it  cannot  be  used  for  charging  purposes,  since  it  gen- 
erates an  alternating  current.  Moreover,  owing  to  the  small  number 
of  poles  (two),  its  single  winding,  and  the  high  speed  at  which  it  is 
driven,  it  produces  very  little  current  but  a  high  e.m.f.,  as  this  is 
desirable  for  ignition.  It  cannot  be  used  for  lighting  purposes  for 
the  same  reason,  i.e.,  the  simple  winding  produces  an  alternating 
current  with  a  very  perceptible  interval  between  the  alternations,  or 
cycles,  so  that  a  lamp  would  flicker  very  badly.  As  its  e.m.f.,  or 
voltage,  is  proportionate  to  its  speed  and  as  there  is  no  method  of 
controlling  it,  the  lamp  would  be  burned  out  as  soon  as  the  magneto 
was  speeded  up. 

Q.    What  are  the  essentials  of  this  simple  form  of  generator? 
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A.  The  field  consisting  of  the  horseshoe  magnets,  and  the  arma- 
ture consisting  of  a  soft  iron  or  steel  core,  usually  in  the  form  of  an  H, 
in  the  slots  of  which,  the  single  winding  of  comparatively  coarse  wire 
is  wound. 

Q.  Why  is  the  field  of  a  inag;neto  usually  referred  to  as  a  "per- 
manent field?" 

A.  Because  it  consists  of  so-called  permanent  magnets.  Nat- 
urally, they  are  not  permanent  in  the  real  sense  of  the  word,  but  their 
magnetism  is  constant  while  it  lasts  and  it  decreases  only  very  grad- 
ually under  the  influence  of  heat  and  vibration. 

Q.  Why  does  heat  affect  the  magnetism  of  the  field  of  a  genera- 
tor of  this  type? 

A.  Because  a  piece  of  hard  steel  that  is  strongly  magnetic  when 
cold  loses  its  magnetism  altogether  when  raised  to  a  sufficiently  high 
temperature.  In  other  words,  if  heated  to  a  bright  red  and  then 
cooled,  it  is  no  longer  a  magnet,  and  the  steel  must  be  remagnetized. 
Constant  vibration  has  the  same  effect,  but  it  is  much  slower. 

Q.  Is  there  any  other  way  of  increasing  the  voltage  of  such  a 
generator  besides  running  its  armature  at  a  higher  speed? 

A.  Yes,  by  increasing  the  number  of  turns  of  wire  in  the  wind- 
ing, which  has  the  same  effect  as  revolving  a  single  coil  at  a  higher 
speeci. 

Q.  How  is  the  current  produced  by  a  simple  form  of  generator, 
such  as  the  magneto,  conducted  to  an  outside  circuit? 

A.  Onlinarily,  this  would  he  done  by  means  of  slip  rings,  i.e., 
plain  bands  of  copper  mounted  on  the  armature  shaft  with  narrow 
copper  brushes  bearing  on  these  rings,  as  is  the  case  with  large  alter- 
nating-current generators.  But  as  the  ignition  system  of  the  auto- 
mobile is  a  grounded  circuit,  one  end  of  the  armature  winding  of  the 
magneto  is  connected  directly  to  the  core  of  the  armature,  and  the 
other  is  led  to  a  small  V-shape<l  ring  or  to  an  insulated  stud  on  the  end 
of  the  shaft  against  which  either  a  copper  or  a  carbon  brush  is  held 
by  a  small  spring. 

Q.  What  is  the  cause  of  the  alternating  cycle  of  the  magneto, 
and  at  what  points  in  the  revolution  of  the  armature  does  it  occur? 

A.  In  revolving  in  the  field  of  the  magnets,  the  armature  passes 
successively  from  the  field  of  influence  of  a  north  pole  to  one  of 
opposite  polarity,  so  that  the  direction  of  the  e.m.f.  is  reversed. 
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\\'Iieii  tlie  armature  b  in  a  horizontal  position  in  the  field,  the  e.m.f. 
ciir%'C  is  at  zero;  as  it  turns,  the  edges  of  the  armature  core  pass  the 
t-iids  of  the  pole  pieces  of  the  field,  and  the  e.m.f.  rises  sharply  to  a 
maximum  as  the  central  line  of  the  core  passes  the  ends  of  the  poles, 
when  it  ia  said  to  be  cutting  the  maximum  number  of  lines  of  force. 
It  drops  off  again  quickly  from  this  point  and  again  reaches  zero, 
when  the  armature  is  in  a  vertical  position.  As  its  ends  come  under 
the  influence  of  opposite  poles,  the  curve  again  rises,  but  is  now  in  the 
(>I>)K)site  direction,  or  of  opposite  polarity.  In  other  words,  it  passes 
fnim  zero  to  maximum  and  back  again  in  every  half  revolution,  or 
ISO  degrees. 

Q.  How  can  a  generator  be  made  to  produce  a  direct,  instead  of 
an  alternating  current? 

A.  The  current  is  always  alternating  as  generated  in  the  arma- 
ture, but  it  may  be  conducted  to  the  outside  circuit  as  a  unidirec- 
tional, or  so-called  direct,  current  by  the  ad<lition  of  a  commutator. 

Q.  Can  such  a  current  be  produced  by  the  addition  of  a  commu- 
tator to  the  sioq>le  singlecoil  winding  already  mentioned  in  connec- 
tion with  the  magneto? 

A.  Yes,  but  as  the  commutator  would  ha\e  but  two  parts,  the 
f.m.f.,  while  passing  in  one  direction,  would  be  strongly  pulsating. 

Q.  What  is  a  commutator  and  how  does  it  convert  (he  al(emal> 
ing  current  produced  in  the  armature  to  a  direct  current  in  the  outside 
circuit? 


74  ELECTRICAL  EQUIPMENT 

Q.  How  is  the  pulsating  nature  of  the  direct  current  thus  gener- 
ated overcome? 

A.  By  adding  coils  and  commutator  bars  to  the  armature  so 
that  new  coils  come  into  action  before  the  e.m.f.  produced  in  those 
just  preceding  them  under  the  brushes  has  an  opportunity  to  drop 
much  below  the  peak  or  maximum.  Thus,  only  the  peak  of  the 
wave  is  utilized,  and  the  e.m.f.  of  a  direct  current  consists  of  a  series 
of  these  wave  peaks  overlapping  one  another. 

Q.    Are  permanent  magnets  used  for  the  fields  of  all  generators? 

A.  No,  only  for  those  of  magnetos.  In  other  types,  an  electro- 
magnetic field  is  used. 

Q.  What  are  the  advantages  of  the  permanent  field  for  use  in 
connection  with  the  magneto? 

A.  It  is  always  at  its  maximum  strength,  so  that  the  magneto 
generates  a  powerful  e.m.f.,  even  though  turned  over  ver^'  slowly. 
Regardless  of  the  speed  of  the  armature,  the  strength  of  the  field 
remains  the  same,  so  that  no  controlling  devices  are  necessary  to 
prevent  the  armature  from  burning  out,  owing  to  excessive  speed. 

Q.    What  is  an  electromagnetic  field  and  how  is  it  produced? 

A.  It  is  based  on  the  fact  that  when  a  current  of  electricity  is 
sent  through  a  winding  surrounding  an  iron  core,  the  core  becomes 
strongly  magnetic.  It  accordingly  consists  of  windings  on  the  fields 
of  the  generator,  in  addition  to  those  on  the  armature.  Depending 
upon  the  particular  t\'i)e  of  generator  in  question,  either  all  or  only 
part  of  the  current  produced  in  the  armature  is  sent  through  the 
windings  of  the  field.  The  latter  is  then  said  to  be  self-excited  in  that 
it  depends  upon  no  outside  source. 

Q.  Is  the  self-excited  field  characteristic  of  all  generators 
except  the  magneto? 

A.  Yes,  of  all  direct-current  generators.  Large  alternating- 
current  generators  are  said  to  be  separately  excited,  a  smaller  direct- 
current  generator  being  employed  solely  for  the  purpose  of  rendering 
the  fields  of  the  larger  machine  nuignetic. 

Q.  What  is  a  series-wound  generator,  and  why  is  this  type  not 
used  on  the  automobile? 

A.  It  is  one  in  which  the  entire  current  generated  in  the  arma- 
ture is  passed  through  the  field  windings.  It  d(x*s  not  generate  untfl 
a  high  speed  is  reached.     Its  voltage  varies  sharply  as  its  speed,  and 
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it  may  have  its  polarity  reversed  by  the  battery  if  its  speed  drops 
below  a  certain  point,  consequently,  it  is  not  fitted  for  charing 
storage  batteries.  (In  fact,  the  series-wound  generator  is  practically 
obsolete,  except  for  some  special  uses.) 

Q.    What  are  shunt-  and  compound-wound  generators? 

A.  In  the  former,  the  windings  of  the  armature  and  of  the  fields 
are  in  multiple,  or  shunt,  so  that  only  a  certain  amount  of  curreni 
depending  upon  the  difference  in  the  resistance  of  the  outside  circuit 
and  that  of  the  fields,  passes  through  the  windings  of  the  latter.  As 
the  load  and  consequently  the  resistance  of  the  outside  circuit 
increases,  more  current  passes  through  the  shunt,  and  the  fieldi 
tvecome  more  strongly  magnetic,  thus  increasing  the  output  so  thai 
the  generator  is,  to  a  certain  extent,  self-regulating. 

In  the  compound  type,  there  is,  in  addition  to  the  main  shuni 
winding  on  the  fields,  an  auxiliary  winding  of  heavier  wire  (lowei 
retiistance)  which  is  connected  in  series  with  the  armature.  As  in  a 
series-wound  generator,  the  amount  of  current  exciting  the  fields  is 
directlj'  proportional  to  the  speed,  more  current  in  proportion  passes 
through  the  compound  winding  than  through  the  shunt  winding  as 
the  load  is  increased,  and  the  generator  is  self-regulating  to  a  much 
greater  degree.  The  compound-wound  type  of  generator  is  in  prac- 
tically universal  use  on  the  automobile  as  well  as  for  general  power 
purposes.    See  Figs.  31  and  32. 

Q.    What  Is  meant  by  the  term  "self-regulating"  as  used  in  the 
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Q.    What  is  meant  by  the  'Moad"  on  a  generator? 

A.  The  lamps,  motors,  storage  battery,  or  similar  apparatus  to 
which  it  is  supplying  current. 

Q.  As  the  speed  of  the  generator  itself  does  not  increase,  how 
does  it  provide  for  an  increase  in  the  load? 

A.  By  absorbing  more  power  from  its  driving  unit.  For 
example,  if  a  generator  be  operating  with  only  ten  100-watt  lamps  in 
the  circuit,  it  is  requiring  approximately  one  and  one-half  horsepower 
to  drive  it.  Now,  if  another  group  of  ten  lamps  of  the  same  size  be 
switched  on,  the  amount  of  power  demanded  by  the  generator  of  its 
engine  will  be  doubled.  This  may  be  very  readily  demonstrated  in  a 
rough  way  by  fitting  a  handcrank  to  any  small  automobile  generator 
and  turning  the  machine  over  with  one  lamp  in  the  outside  circuit. 
It  will  be  found  very  easy  to  spin  the  generator  very  rapidly  by  hand, 
as  practically  no  resistance  is  felt.  Now  connect  in  the  circuit  a 
discharged  storage  battery,  and  the  additional  power  required  to 
turn  the  machine  will  at  once  be  very  perceptible. 

Q.    What  are  the  brushes  and  what  purpose  do  they  serve? 

A.  They  are  strips  of  copper  or  carbon  (the  latter  is  now  almost 
universally  use<l),  which  serve  to  conduct  the  current  generated  in 
the  armature  to  the  outside  circuit  and  to  the  field  windings  by 
bearing  on  the  revolving  commutator.  Except  where  an  additional 
brush  is  employed  for  regulating  purposes,  there  is  usually  one  brush 
for  each  pole  of  the  field,  i.e.,  a  bipolar  generator  is  fitted  with  two 
brushes,  a  four-pole  with  four  brushes.  The  brushes  are  held  against 
the  coniniutcitor  by  springs.  Soft  copper  embedded  in  carbon  is  also 
employed,  especially  for  low-voltage  generators,  such  as  the  lighting 
generator  on  the  automobile. 

ELFXTRIC   MOTORS       • 

Q.  Is  there  any  difference  in  principle  between  the  electric 
generator  and  the  electric  motor? 

A.  Fundamentally,  they  are  the  same,  as  is  evidenced  by  the 
fact  that  either  is  reversible,  that  is,  an  electric  generator,  when 
supplied  with  current  from  an  outside  source  (of  the  proper  voltage, 
of  course),  will  operate  as  a  motor,  and  a  motor,  when  driven  by  an 
outside  source  of  power,  will  generate  an  electric  current.  They  are 
naturally  not  interchangeable  in  practice,  owing  to  differences  in 
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design  and  winding.  The  generator  is  wound  to  produce  the  maxi- 
mum amount  of  current  at  a  certain  voltage  with  a  given  horsepower, 
while  the  motor  is  deugned  to  produce  the  maximum  amount  of  power 
with  the  minimum  current. 

Q.    What  is  the  operative  principle  of  the  electric  motor? 

A.     That  of  magnetic  attraction  and  repulsion. 

Q.    How  is  it  applied? 

A.  As  in  the  generator,  both  the  6elds  and  the  armature  of  the 
motor  consist  of  electromagnets.  The  brushes  and  the  commutator 
serve  the  same  purpose  of  reversing  the  direction  of  the  current 
thntugh  the  armature  coils  every  time  a  different  pair  of  commutator 
segments  passes  under  the  former.  As  has  already  been  explained, 
re\-ersing  the  direction  of  current  flow  through  the  winding  of  an 
ekttromagnet  reverses  the  polarity  of  the  magnet  itself.  To  sim- 
plif^-  the  illustration,  take  a  bipoUr  motor  with  a  two-pole  armature 
having  but  a  single  winding.  \\'hen  the  current  is  switched  on,  the 
urniaturc  is  at  a  45-degree  angle,  so  that  its  poles  are  just  under  the 
lt»\vA  of  the  field.  As  the.  commutator  causes  the  current  to  flow 
through  the  armature  winding  in  a  reverse  direction  to  that  of  the  fields, 
unlike  poles  will  be  created.  They  will  attract  each  other,  and  the 
armature  will  revolve  a  small  part  of  a  revolution,  until  it  is  directly 
in  the  strongest  part  of  the  field  of  the  influence  of  the  field  magnets. 
Just  as  this  point  is  reached,  however,  the  brushes  pass  on  to  new 
segments  of  the  commutator,  and  the  direction  of  the  current  in  tlie 
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operation,  thus  reducing  the  amount  of  current  necessary  to  drive  it 
For  example,  when  the  motor  is  standing  idle,  the  resistance  of  its 
windings  is  low.  It  is  for  this  reason  that  large  direct-current  motors 
(one  h.p.  or  over)  cannot  be  started  without  the  aid  of  an  outside 
resistance  to  cut  down  the  starting  current,  otherwise  the  armature 
would  be  burned  out.  As  the  armature  speeds  up,  the  counter  e.m.f. 
generated  opposes  that  of  the  driving  current  and  accordmgly 
increases  the  resistance.  The  heating  of  the  windings  in  operation 
further  serves  to  increase  the  resistance,  as  the  resistance  of  most 
metals  increases  with  a  rise  in  their  temperature. 

Q.  How  many  types  of  motors  are  there,  and  what  type  is  most 
generally  used  for  automobile  starting? 

A.  As  they  correspond  exactly  to  generators,  there  are  the 
same  number  of  types,  i.e.,  series,  shunt,  and  co&pound  wound. 
The  series  type  is  almost  universally  employed  on  the  automobile  and 
is  also  very  largely  used  on  trolley  cars. 

Q.  If  the  series-wound  generator  is  of  so  little  practical  applica- 
tion, how  is  it  that  the  series»wound  motor  is  found  so  advantageous? 

A.  The  same  characteristics  that  are  a  disadvantage  in  the 
generator  are  correspondingly  valuable  in  a  motor,  which  explains 
why  generators  and  motors  are  not  interchangeable  in  practice,  as 
already  mentioned.  A  series-wound  machine  is  essentially  a  variable- 
speed  machine,  and  this  is  not  desirable  in  a  generator,  while  it  is  in  a 
motor.  The  series  type  of  motor  has  a  very  heavy  starting  torque, 
or  pull,  which  increases  as  the  speed  of  the  motor  decreases.  This  is 
exactly  what  is  wanted  to  overcome  the  inertia  of  the  gasoline  engine. 
Its  current  consumption  falls  oil'  very  quickly  as  its  speed  increases, 
and  it  has  a  very  liberal  overload  capacity,  being  capable  of  carrj'ing 
loads  up  to  five  times  the  normal,  for  short  periods. 

Q.  As  the  speed  of  the  series  motor  decreases  in  proportion  to 
the  load,  what  happens  when  the  load  is  suddenly  relieved  as  in  the 
starting  of  the  gasoline  motor? 

A.     The  electric  motor  tends  to  race,  or  run  away. 

Q.     How  is  this  prevented  on  the  automobile? 

A.  The  nietluxl  employed  diHVrs  in  diiferent  systems,  but,  as  a 
rule,  the  starting  of  the  gasoline  engine  automatically  opens  the 
starting  motor  circuit,  or  meaus  arc  i)rovided  for  greatly  reducing  the 
amount  of  current  it  receives  the  moment  the  load  is  removed. 
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Q.  Are  either  shunt-  or  compound-wound  motors  used  on 
automobiles? 

A.  They  are  employed  on  electric  vehicles,  but  not  often  in 
connection  with  the  starting  systems  used  on  gasoline  cars, 

Q.    What  is  a  motor-f;enerator,  and  what  Is  it  employed  for? 

A.  As  its  name  indicates,  it  consists  of  two  units,  a  motor  and  a 
generator,  the  former  having  an  alternating  current,  and  the  latter  a 
direct  current.  It  is  employed  for  converting  an  alternating  current 
into  a  direct  current,  so  that  it  may  be  utilized  for  charing  storage 
batteries.  The  alternating-current  supply  is  used  simply  for  running 
a  motor  of  that  type  to  which  is  directly  coupled  a  direct-current 
generator.  There  is  no  electrical  connection  between  the  two 
machines, 

Q.    Are  motor-generators  ever  used  on  automobiles? 

A.  Xo,  but  the  combination  of  a  direct-current  generator  and  a 
starting  motor  in  one  machine,  as  in  the  single-unit  systems,  is  fre- 
quently so-called  through  error.  This  single  unit  is  variously  termed 
a  dynamotor  and  a  genemoior  to  distinguish  it  from  a  motor-generator, 

Q.  How  are  the  two  radically  different  purposes  for  which  the 
generator  and  the  motor  must  be  designed  combined  in  one  machine? 

A.  By  putting  independent  windings  on  the  fields  and  the  arma* 
ture,  and,  in  some  instances,  by  employing  two  commutators  at 
dilTerent  ends  of  the  armature  shaft. 
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IGNITION 

FUNDAMENTAL  lONITION  PRINCIPLES 
-auHy  Ignltloa  Cause  of  Much  Early  Trouble.  More  than 
if  the  troubles  encountered  by  the  designers  and  the  drivers 
i  early  automobiles  were  the  direct  results  of  the  extremely 
ignittOD  systems  at  first  adopted.  With  knowle<lge  of  gaso- 
lotor  operation  generally  scant  at  that  time,  much  of  this 
le  was  attributed  to  causes  entirely  foreign  to  its  real  source 
1  general  principles,  the  motor  was  roundly  "cussc^l"  as  a 
and  unfathomable  mjstery.  Subsequently  it  became  plain 
much  of  this  inexplicable  tendency  to  balk  was  due  to  the 
eness  of  the  electric  current.  Crude  insulation  and  contacts, 
;ntly  defective  spark  plugs,  and  extremely  wasteful  current- 
ing  devices,  fed  from  a  weak  source,  were  the  causes. 
>Utiiiction5  between  Low  Tension  and  High  Tension.  A 
niMon  ignition  system  uses  a  low-tension  current — i.e.,  the 
output  of  a  battery  • 
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to  as  a  secondary'  current  It  is  the  result  of  induction  and  is  coiD- 
monly  tenned  a  high-tension  current  owing  to  its  gre&t  voltage  or 
potential.  The  batter>'  produced  current  of  high  amperage  value 
at  6  to  8  volts,  which  after  being  passed  through  the  coil  became  a 
current  of  microscopic  amperage  value  at  an^-where  from  10,000  to 
25,000  volts,  according  to  what  the  designer  of  the  coil  thought  was 
sufficient  potential  to  produce  a  good  spark,  that  is,  to  enable  it  to 
readily  jump  the  gap  in  the  pomts  of  the  plug.  The  curve.  Fig.  37, 
shows  the  voltage  necessarj'  to  force  a  spark  across  a  given  distance 
in  air  under  various  pressures. 

As  the  low-tension  current  will  not  jump  an  air  gap,  a  further 
distinction  between  the  two  s>'stems  is  the  employment  of  totally 
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different  types  of  spark  plugs.  In  the  former,  a  mechanically 
operated  plug,  i.e.,  one  that  is  held  closed  until  the  maximum  current 
is  passing  through  it  and  is  tlicn  suddenly  opened  by  being  mechan- 
ically tripped  by  a  cam  or  rod  operated  by  the  engine,  is  essential. 
Such  a  plug  prtnluces  a  spark  that  is  immensely  superior  in  heating 
value  and,  consequently,  in  igniting  ability,  to  the  usual  thin  ^>ark 
that  bri<ige3  the  gap  of  a  high-tension  spark  plug.  But  this  most 
desirable  quality  is  likewise  quickly  destructive  of  the  contact 
points,  necessitating  frMpiciit  readjustment  of  the  mechanically 
operated  plugs.  Moreover,  tiie  mechanical  lag  or  time  element  of 
operation,  due  to  the  inertia  of  the  numerous  moving  parts,  rendned 
it  difficult  to  make  a  low-tension  spark  plug  suitable  for  a  liigli- 
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speed  engine  without  resorting  to  the  most  expensive  machine  work, 
and  much  greater  skill  was  necessary  for  their  proper  adjustment. 
The  shortcomings  of  the  original  high-ten»on  systems  were  so 

glai-itig,  however,  tliat  some  of 
the  most  successful  automo- 
biles of  earlier  days  were  fitted 
with  low-tension  ignition. 

Low>Tension  System. 
Fig.38ahowsdiagrammaticalIy 
the  essentials  of  a  low-tension 
system  for  a  siiigie-cylinder 
motor,  while  Fig.  39  shows  a 
complete  low-tension  system 
for  a  four-cylinder  motor.  The 
details  of  the  operating  mech- 
anism and  the  plug  are  shown 
in  Figs.  40  and  41,  Referring 
to  Fig.  .38,  A  is  the  battery, 
B  h  a  spark  coil  (a  single 
coil  which  by  it.s  self-induc- 
tion develop.^  a  liigh-voltage 
spark),  and  C,  D.  and  E 
are  the  elements  of  a  make- 
and-break  device  that  is  me- 
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slight  rocking  movement.  For  the 
best  results  this  rocking  movement 
must  be  very  sharp  and  rapid,  in  the 
nature  of  a  snap,  and  it  must,  of 
course,  be  correctly  timed  to  occur 
in  proper  relation  to  the  moment 
when  the  spark  is  required.  (See 
also  Fig.  41.) 

The  chief  advantage  of  low- 
tension  ignition  is  its  immunity  from 
troubles  caused  by  short-circu'tliig  by 
leakage  of  the  current  through  poor 
insulation  or  across  moistened  termi- 
nals. This  led  to  its  almost  universal 
employment  on  motor  boats  for  a 
number  of  years,  but  it  has  since 
been  generally  abandoned  even  for 
marine  use  so  that  it  is  now  only  to 
be  found  on  stationary  engines,  the 
low  rotative  speeds  of  which  make 
it  practical.  So  far  as  the  automo- 
bile is  concerned,  the  low-ten  a  on 
system  is  only  of  historical  inter- 
est as  it  is  already  several  years  since 
it  was  wholly  discarded. 

High-Tension  System.  High- 
tension  ignition  systems  are  based  on 
the  fact  that  when  a  sufficiently  high 
potential  is  impressed  upon  a  current 
of  electricity,  it  will  leap  an  air  gap  or 
other  break  in  the  circuit  of  a  widtli 
dependent  upon  the  potential  or  volt- 
age itself.  In  bridging  such  a  gap, 
the  current  becomes  visible  in  the 
formof  anarCiflii^li.or.spark.dfiKriid- 
ing  upon  its  duration  and  intensity, 
and  it  will  readily  ignite  a  gasoline 
or  other  gaseous  fuel  mixture      Its 
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verj-  ability  to  do  so,  however,  was  one.of  the  most  prolific  sources  of 
trouble  in  the  e&rly  days,  as  the  designer's  conception  of  the  insulation 
required  to  conduct  such  a  current  without  grounding  or  short- 
circuiting  was  far  from  approaching  the  reality. 

The  essentials  of  a  high-tension  system  are  shown  diagram- 
matically  in  Fig.  42.  A  is  the  source  of  current,  usually  a  battery  in 
earlier  days,  as  indicated  by  the  conventional  sign,  placed  in  a 
primarj-  circuit  that  also  includes  the  contact  maker  C,  the  primary 
winding  of  the  coil  B,  and  the  vibrator  G,  The  contact  maker  C  is 
positively  driven  by  a  connection  with  some  revoh-ing  part  of  the 
motor,  so  that  it  makes  contact  at  the  exact  time  ignition  is  required 
in  each  cylinder. 
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This  briefly  describes  what  may  be  termed  the  rudiments  of  a 
high-tension  ignition  system  and  the  diagram  shows  their  relation  to 
one  another.  Of  course,  this  simply  has  reference  to  a  single-cylin- 
der motor.  For  each  extra  cylinder  in  an  ignition  system  of  the  t\T)e 
illustrated,  there  is  another  contact  point  on  the  timer  and  another 
coil.  The  timer  or  contact  maker  is  sometimes  referred  to  as  an 
interrupter,  though  this  is  not  technically  correct  as  its  function  is 
first  to  close  the  circuit. 

SOURCES  OF  CURRENT 

Up  to  about  1905,  batteries  were  universally  relied  upon  in  this 
country  for  ignition  work,  the  only  exceptions  to  this  being  a  few 
high-priced  imported  cars,  some  of  which  had  magnetos  operating 
low-tension  systems  with  the  so-called  make-and-break  spark  plugs, 
while  one  or  two,  notably  the  Panhard,  was  equipped  with  the 
Eisemann  magneto,  designed  to  operate  a  non-vibrator  coil.  The 
writer  imported  the  second  of  these  magnetos  to  be  brought  into  this 
country  in  the  latter  part  of  1902,  but  the  principles  of  its  operation 
were  so  little  understood,  despite  the  fact  that  the  magneto  had 
been  used  in  hand-ringing  telephones  for  a  generation,  that  auto* 
mobile  designers  were  frankly  skeptical  regarding  it,  and  only  the 
few  electrical  men  then  in  the  industry  had  the  slightest  oonceptioD 
of  its  possibilities.  In  fact,  Mr.  J.  M.  Packard,  then  head  of  the 
Packard  Company,  was  the  first  man  out  of  dozens  to  whom  it  was 
shown  to  realize  what  the  magneto  meant  to  automobile  ignition. 

CHEMICAL  SOURCES  OF  CURRENT 
Primary  Batteries.     In  the  face  of  the  advent  of  the  magneto 

(1902),  the  majority  of  American  designers  preferred  to  stick  to  the 
battery,  usually  the  dry  cell.  The  term  dry  cell  is  really  a  mis- 
nomer, since  a  cell  of  this  type  consists  simply  of  a  zinc  element  con- 
stituting tlie  case  of  the  cell,  a  carbon  element  centered  within  this, 
and  an  electroKte  composed  of  a  moist  paste  of  suitable  chemicals. 
The  top  of  the  cell  is  commonly  sealed  with  pitch  or  wax  compound 
to  prevent  the  moisture  from  evaporating,  and  if  by  any  chance  the 
cell  does  become  really  *'dry",  its  usefulness  is  then  at  an  end. 

Defects  of  Dry  Cells,  The  chief  defect  of  the  dry  cell  is  that  it 
is  an  "open-circuit*'  battery,  that  is,  the  circuit  is  normally  open 
and  when  closed  for  a  brief  period  the  cell  will  produce  a  heavy  cur- 
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rent,  at  a  low  voltage,  i.e.,  IJ  volts  on  the  average.  But  to  enable 
it  to  do  so,  the  time  of  contact  must  be  brief  and  the  periods  of  rest 
frequent.  Otherwise,  the  cell  becomes  "polarized".  The  hydrogen 
generated  as  the  zinc  element  passes  to  the  carbon  element  in  such 
volume  as  to  completely  cover  and  insulate  it  from  the  active  material 
of  the  cell,  consisting  of  a  solution  of  sal-anmioniac  and  water.  The 
use  of  a  depolarizer,  usually  manganese  dioxide,  prevents  this  to  a 
certain  extent,  but  not  sufficiently  to  avoid  having  the  current 
output  of  the  cell  fall  off  very  rapidly  if  the  contact  exceeds  a  few 
seconds.  But  as  soon  as  the  circuit  is  broken  again,  the  hydrogen  is 
rapidly  dissipated  and  the  cell  is  said  to  recuperate.  It  was  the 
marvelous  ability  of  the  dry  cell  to  recuperate  rapidly  after  having 
been  run  down  to  a  point  where  it  no  longer  produced  sufficient 
current  to  pass  a  spark  at  the  plug,  that  led  to  so  much  dissatisfaction 
and  to  such  a  misunderstanding  of  the  gasoline  engine  in  the  earlier 
days.  With  the  extremely  wasteful  contact  makers  then  used,  a 
set  of  cells  would  run  an  engine  satisfactorily  for  an  hour  or  so,  then 
it  would  begin  to  miss  firing  badly  and  soon  stop.  Inspection  woidd 
reveal  no  sign  of  current.  If  a  new  battery  were  installed,  the 
engine  would  again  run  satisfactorily,  and  the  motorist  usually 
decided  that  the  old  cells  were  "dead".  If,  however,  the  inspection 
consumed  ten  or  fifteen  minutes,  the  battery  recuperated  and  upon 
being  cranked  the  engine  again  ran,  only  to  repeat  the  performance 
a  short  time  later. 

Liquid  Batteries.  The  dry  cell  is,  of  course,  one  form  of  primary 
battery,  this  term  being  used  to  distinguish  it  from  other  forms  in 
which  the  exciting  chemicals  are  in  Uquid  solution.  Few  attempts 
have  been  made  to  employ  the  latter  type  of  battery  for  automobile 
ignition,  due  to  the  violent  agitation  of  the  Uquid  which  would  neces- 
sarily ensue  from  the  vibration  and  jolting.  The  Edison-Lalande 
cell  and  a  few  others  of  similar  character,  in  which  the  charging 
chemicals  were  supplied  in  convenient  units  ready  for  quick  replen- 
ishing when  the  battery  "died",  were  tried  in  isolated  instances  but 
never  met  with  general  application,  except  on  the  motor  boat,  where 
the  Edison-Lalande  cells  have  been  widely  used. 

Storage  Cells.  The  construction  and  advantages  of  the  storage 
cell  as  well  as  its  operation  and  handUng  are  detailed  at  length  in 
"Electrical  Equipment,"  Part  VII.    Due  to  its  ability  to  provide  a 
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very  much  greater  supply  of  current,  it  soon  displaced  the  dry  cdl 
on  all  except  the  then  lower-priced  cars.  While  it  represented  a 
great  improvement,  the  wastefulness  of  the  contact  maker  and  of 
the  coil  vibrators  proved  too  much  of  a  drain  on  even  the  storage 
battery,  and  it  was  accordingly  displaced  by  the  magneto.  All 
modern  cars  are  equipped  with  an  electric  starting  and  lighting 
system;  this  necessitates  the  use  of  a  storage  batterj',  A  generator 
is  used  to  charge  the  battery,  and  as  it  is  both  expensive  and  unneces- 
sary to  provide  two  charging  instruments — magneto  and  generator 
— the  magneto  has  been  practically  discarded  on  the  pleasure  cars. 

VOLTAQE  AND  SPARK  CONTROL  DEVICES 
Changes  in  Ignition  Methods.    Up  to  a  few  years  ago,  it  was 
generally  considered  that  the  magneto  practically  represented  the 


ultimate  tyi>c  of  if:nitioii  ciirrt'iit  generator  and  that  batteries  would 
never  i>luy  jiiiytliiiig  but  a  fifcinuiiiry  role.  Small  direct-current 
iiyn!iitu>.s  bad  been  tried  in  a  number  of  instances,  chiefly  prior  to 
tlie  a<lvent  of  tlic  mji^nelo,  but  tliey  were  not  then  sufficiently 
developed  for  tliis  form  of  service  and  proved  quite  as  unreliable 
as  the  dry  eell.  Tlie  magneto  was  entirely  dependable,  made  possi- 
ble miuli  greiiter  s])eeds,  and  had  few  short  comings,  none  of  which 
were  of  a  serious  nalure,  wi  tliiit  its  ]»osition  was  deemed  impregna- 
ble. This  Wiis  prior  to  llie  siiceessfiil  development  of  electriolight- 
ing  dynamos  on  tlie  autoTimbile,  and  more  particnlariy  the  combined 
lighting  and  starting  systems  wliich  are  now  in  sueh  general  use. 
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The  latter,  in  conjunction  with  improved  forms  of  contact  makers, 
has  been  responsible  for  bringing  about  a  reversion  to  former  practice 
with  improved  equipment. 

Contact  Makers  or  Timers.  RoUer  Contact  Timer.  It  was 
largely  due  to  the  crudity  of  the  timing  device  that  so  much  diffi- 
cidty  was  experienced  with  early  ignition  systems.  As  the  term 
indicates,  the  timer  closed  the  circuit  through  the  coil  at  exactly  the 
moment  necessary  to  produce  the  spark  in  the  cylinder  ready  to  fire. 
But  the  long  wiping  or  rolling  contact  usually  employed  was  so 

wasteful  of  currentthatitquickly 
exhausted  even  a  storage  battery. 
Fig.  43  shows  a  roller  contact 
timer.  The  coil  vibrators  were 
another  serious  source  of  loss. 

A  twaier  -  Kent  Interrupter, 
The  difficulties  with  roller  con- 
tact led  to  the  adoption  of  a 
totally  different  principle  em- 
bodied in  the  Atwater-Kent  in- 
terrupter, Fig.  44.  This  affords 
an  exceedingly  brief  contact  with 
an  abruptness  of  the  making  and 
breaking  of  the  circuit  that  is  not 
secured  with  any  other  device. 
The  effect  is  to  produce  a  strong  current  surge  and  a  heavy  spark, 
but  of  the  briefest  possible  duration. 

The  advantage  of  the  brief  duration  is  that  great  current  econ- 
omy is  realized.  The  fact  that  only  one  spark  is  required  for  each 
ignition  is  an  important  contributing  element  to  this  economy. 

With  the  Atwater-Kent  interrupter,  embodied  in  a  distributor 
termed  the  "Unisparker",  it  is  possible  to  run  a  car  much  further  on 
a  set  of  dry  cells  than  could  formerly  be  done  with  a  storage  bat- 
tery, two  to  three  thousand  miles  on  four  or  five  dry  cells  being 
nothing  uncommon.  This  has  led  to  the  development  of  other 
devices  along  similar  lines,  and,  with  the  unfailing  source  of  current 
now  provided  by  the  lighting  dynamo  and  the  storage  battery 
which  forms  part  of  the  system,  battery  ignition  has  been  raised  to 
a  level  where  it  is  now  almost  the  equal  of  the  magneto.    But  hefore 


F^.  44.    Atwater-Kent  Interrupter 

AtwaieT'KefU  Manufacturing  Work*, 
Philadelphia,  Penntyhania 
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making  further  mention  of  that  phase  of  the  subject,  it  is  necessan'  to 
refer  to  the  coil  in  order  to  give  a  clear  understanding  of  the  matter. 

Coils  and  Vibrators.  Function  of  the  Coil.  ^Mention  has 
already  been  made  of  the  function  of  the  induction  coil  or  trans- 
former  in  stepping  up  the  voltage  of  the  current  in  order  that  it  may 
bridge  the  gap  in  the  spark  plug.  A  coil  is  also  employed  in  connec- 
tion with  a  low-tension  system,  but  it  is  simply  a  single  winding  on 
an  iron  core  which  intensifies  the  current  by  what  is  known  as  self- 
induction.  Though  it  raises  the  voltage  by  what  may  be  termed 
the  accumulation  and  sudden  release  of  electrical  energy  acting  in 
conjunction  with  a  magnetized  core,  due  to  the  sudden  making  and 
breaking  of  the  circuit,  it  is  not  an  induction  coil  as  that  term  is 
ordinarily  employed. 

As  shown  by  Fig.  42,  the  latter  has  two  distinct  windings,  one  of 
a  few  turns  of  comparatively  coarse  wire  and  the  other  of  many 
thousand  feet  of  exceedingly  fine  wire,  with  high-grade  silk  insula- 
tion. After  completing  the  coil,  consisting  of  two  superimposed 
windings  and  an  iron-wire  core  passing  through  their  center,  it  is 
placed  in  a  wood  box  which  is  filled  with  melted  paraffine  wax  which, 
upon  solidifying,  greatly  enhances  the  resisting  power  of  the  insula- 
tion to  breakdown,  due  to  the  great  difTerence  in  potential  between 
various  parts  of  the  secondary  winding.  To  set  up  an  induced 
current  in  the  secondary  winding,  the  primary  circuit  must  be 
quickly  opened  and  closed. 

Ncrcs'sify  for  Vibrator,  The  breaking  of  the  primary  circuit  is 
accomplished  ]\v  tlic  use  of  a  \il)rat()r,  a  typical  form  of  which  is 
illustrated  at  A\  6',  and  //,  Fig.  42.  This  consists  simply  of  the  thin 
l)la(lc  of  spring  steel  at  K,  i)r()vi(le(l  with  an  armature  at  the  free  end 
to  intensify  tlic  attraction  of  tlic  coil  //,  and  adjacent  to  the  adjust- 
ing screw  at  (i,  by  which  the  <listaiiccs  between  the  contact  p>oints 
can  be  accurately  set.  In  a<l(lition  to  these  elements  it  is  usual  to 
provide  a  screw  adjustment  for  increasing  or  reducing  the  tension 
of  the  vil)rator  blades. 

Contacts  in  tlic  best  vibrators  arc  made  of  platinum,  or,  better 
still,  of  platinuni-iridiuni  alloys,  which  arc  very  hard  as  well  as 
extremely  resistant  to  the  very  high,  though  ])ricf  and  localized,  tem- 
peratures of  the  small  arcs  that  form  across  the  terminals  each  time 
the  contacts  are  separated.     In  cheaper  coils,  German  silver,  silver, 
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and  other  metals  often  are  much  used  for  contact  points,  but  the 
only  advantage  of  these  over  platinum  or  platinum  alloys  is  their 
lower  price. 

Compliaition  of  Mvlti-VibratoT.  A  vibrator  coil  b  necessary 
for  each  cyUnder,  each  coil  being  energized  as  the  timer  passes  over 
the  contact  corresponding  to  it,  thus  putting  it  in  connection  with 
the  batterj-  at  the  moment  that  particular  cylinder  is  to  fire.  Fig. 
45  shows  a  four-unit  coil,  i.e.,  for  a  four-cylinder  motor.  However, 
the  coil  cannot  act  before  its  core  becomes  "saturated",  that  is, 
thoroughly  magnetized,  and  it  must  then  pull  its  armature  down 
against  the  tension  of  its  spring,  so  that  there  is  both  an  electrical 
and  a  mechanical  lag,  or,  in  other  words,  an  appreciable  amount  of 
time  elapses  between  the  moment  the  circuit  is  closed  by  the  timer 
and  that  at  which  it  is  again 
broken  by  the  vibrator  to 
cause  the  spark  in  the  cylin- 
der. A  delicate  adjustment 
is  most  sensitive  and  mini- 
mizes the  lag  besides  econo- 
mizing on  current,  but  it  is 
difHcult  to  maintain.  A  stiff 
adjustment, ontheotherhand, 
will  remain  operative  for  a 
longer  time,  but  its  greater 
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takes  the  place  of  the  four  vibratore  on  the  ori^nal  coils,  so  thai 
tlic  extra  coil  is  termed  a  nuuter  vibraior.  In  operation,  all  four  of 
the  original  vibrators  are  screwed  down  hard  so  as  to  make  a  per- 
manent connection,  and  the  fifth  coil  b  connected  in  the  primary 
circuit  so  that  the  action  of  its  vibrator  breaks  the  circuit  in  the 
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primary  of  each  one  of  the  coils  in  turn.  It  is  accordin^y  odf 
necessary  to  adjust  a  single  vibrator,  and  regardless  of  idietlier  tin 
niljustnieiit  be  good  or  bad,  it  is  uniform  for  all  four  cylinders  so  4lt 
they  fire  with  the  same  timing.  But  at  the  best,  the  arrangematii 
only  a  makeshift  as  the  vibrator  coil  long  ago 
ceased  to  liaveany  legitimate  excuse  of  exist- 
ence on  the  automobile. 

No)i-]'iirafiir  Coil.  As  the  term  indi- 
cates, this  is  simply  an  in<iuction  coil  minus 
the  vibrator.  But  instead  of  using  four  coils. 
as  with  tlic  vibrator  type,  a  single  coil  is  em- 
ph»ycd,  and  a  distributor  is  inserted  in  the 
pcttnulary  or  liigh-tensioii  circuit.  The  essen- 
tials of  sui-li  a  system  arc  slmwn  by  Fig.  46, 
a  battery  being  in(li<'atc<i  as  the  source  of  cur- 
rent. The  timer  C  is  driven  by  llic  camshaft 
of  the  mot<)r  so  that  the  batti-ry  circnit  is  suc- 
cessively ch>scd  an<i  o|>ened  in  the  usual  firing  order  of  the  cylinders, 
four  contacts  being  ma(lef<tr  each  two  rcvulntiuiis  of  a  four-cylinder 
four-K-ycle  motor.  The  coniact  is  of  sufiicicnt  duration  to  permit  the 
coil  to  "build  lip",  i.e.,  to  have  its  s.ift  iron  core  become  thoroughly 
magnetized,  and  is  then  <jni(kly  broken.  At  the  instant  that  the  latter 
occurs,  the  finger  J  of  tlie  distributor  is  parsing  the  contact  of  tin 
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cylinder  f  to  be  fired.  The  timer  and  distributor  must  accordingly 
be  driven  synchronously,  so  that  the  contacts  in  both  occur 
amultaneousiy.  This  is  accomplished  by  comluning  them  in  a 
single  unit,  as  shown  in  Fig.  47,  illustrating  the  Atwater-Kent 
"Unisparker",  or  as  in  the  various  types  of  magnetos  illustrated 
further  along. 

Limitations  of  current  supply  having  been  overcome  by  the 
adoption  of  the  magneto  or  the  storage  battery  kept  charged  by  the 
Ughting  dynamo,  oon-vibrator  coils  are  usually  wound  to  a  higher 
resistance  than  the  old  vibrator  coils,  so  as  to  produce  a  current  of 
higher  tendon  in  the  secondary.  As  this  type  of  coil  requires  no 
adjustment,  it  is  generally  installed  horizontally  with  its  face  flush 
with  the  dash,  and  on  this  face 
is  mounted  the  switch  ^ving 
three  control  points,  i.e.,  neutral, 
battery  (for  starting),  and  mag- 
neto. The  Remy  dash  coil.  Fig, 
48,  is  a  typical  example. 

Distributor.  This  is  «mply 
a  modification  of  the  timer,  de- 
signed  to  handle  the  high-tension 
current,  or  to  distribute  it  to  the 
different  plugs.  It  takes  the  place 
of  the  multi-unit  coil  in  which  an 
independent  coil  is  employed  for  each  cylinder.  Owing  to  the  high 
voltage  of  the  secondary  current,  actual  contact  is  not  necessary  in  a 
distributor,  a  smaU  gap  or  clearance  presenting  no  obstruction  to 
the  passage  of  the  high-tension  current,  so  that  wear  at  this  point  is 
avoided.  In  the  earlier  t}~pes,  a  brass  arm  passing  close  to  contact 
points,  or  sectors  embedded  in  hard  rubber,  was  usual.  Carbon 
brushes  making  contact  against  the  disk  by  means  of  light  springs, 
were  subsequently  adopted  and  are  now  commonly  used.  As  the 
carbon  is  very  hard  and  its  contact  surface  becomes  glazed  by  the 
friction,  the  wear  is  practically  negUg^ble.  The  complete  wiring  of 
a  distributor  system  is  shown  in  Fig.  46.  H  is  the  ground  or  common- 
return  connection  of  the  secondary  circuit  and  K  is  the  connection 
to  the  distributor  /,  from  which  the  high-tension  current  is  distrib*. 
uted  by  the  arm  /  to  the  spark  plug  leads  D,  E,  F,  and  G. 
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G)ndenser.  The  condenser  is  technically  known  as  an  electrical 
''capacity"  in  that  it  has  the  ability  to  absorb  a  quantity  of  elec- 
tricity proportioned  to  the  area  of  its  conducting  surfaces  and  to  the 
nature  of  the  dielectric  employed.  This  property  is  utilized  to  absorb 
the  excess  current  passing  at  the  moment  the  primary  circuit  of  the 
ignition  system  is  opened  by  a  vibrator,  thus  bringing  about  a  quick 
cessation  of  the  current  flow  and  preventing  the  destructive  arcing  or 
burning  that  would  otherwise  occur  at  the  contact  points.  The 
charge  thus  absorbed  is  immediately  returned  to  the  circuit  in  the 
form  of  a  discharge,  when  the  points  come  together  again  and  a 
higher  potential  value  is  impressed  upon  the  current.  A  condcuHT 
consists  of  conducting  surfaces  placed  betwei^n  insulating  surfaw>, 
known  as  the  dielectric.  For  ignition  work,  the  conducting  surfaces 
are  sheets  of  thin  tinfoil  cut 
with  conducting  tabs  which 
project  beyond  the  ends  of 
sheets  of  paraffined  paper  on 
which  tlie  tinfoil  is  placed. 
Between  each  two  sheets  of 
paraffined  paj)er  is  placed  a 
sheet  of  tinfoil,  the  latter 
being  arranged  so  that  the 
tabs  ])r()jcct  at  alternate  ends, 
Fig.  49.  The  parafTincd  paper 

overlaps  the  tinfoil  all  around  to  the  extent  of  an  inch  or  more  to 
])rc\  cut  a  (liscliarge  over  the  edges  of  the  sheets.  The  capacity  of  the 
condenser  depends  upon  the  number  and  the  size  of  the  sheetsof 
tinfoil  and  the  thinness  and  the  character  of  the  dielectric  separating 
them;  and,  when  a  snlHcient  nnniher  have  been  assembled,  the  pio- 
jecting  tabs  at  each  end  are  riveted  or  clamped  together  audi 
flexible  wire  lead  connected  to  each.  It  is  then  connected  in  mul- 
tiple with  the  vibrator,  and,  in  the  case  of  a  coil  is  inserted  in  the 
containing  case  of  the  latter  and  further  insulated  as  well  as  held  in 
place  by  having  molten  parafHne  poured  around  it  so  as  to  fill  the 
space.  A  condenser  jiractically  eliminates  sparking  at  the  contact 
points  and  is  n\>o  UM'd  with  the  contact  breaker  of  a  magneto. 

Spark  Plugs.     No  small  ])art  of  the  trouble  experienc*ed  with 
early  ignition  systems  was  due  to  the  defective  design  of  the  spark 
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plugs  employed.  Where  an  over-rich  mbiture  is  delivered  by  the 
carbureter,  i.e.,  one  coutaining  too  much  gasoline  in  proportion  to  the 
air,  a  certain  amount  of  the  carbon  is  unbumed  and  remains  in  the 
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cylinder  in  the  form  of  soot.  This  is  greatly  increased  by  an  excess 
of  lubricating  oil  finding  its  way  into  the  combustion  chamber.  The 
heavier  carbons  of  this  burn  to  the  same  consistency  and  are  also 
deposited  on  the  piston  head,  cylin- 
der walls,  valves,  and  other  exposed 
surfaces  in  the  form  of  a  flint-liard 
coating.  The  end  of  the  spark  plug 
receives  its  share  and,  as  the  carbon 
is  an  excellent  conductor,  the  plug 
is  accordingly  short-circuited,  so 
that  the  current,  instead  of  jumping 
the^ap  between  the  points,  takes  a 
path  of  lower  resistance  across  the 
carbon-coated  insulating  surfaces. 
Fundamental  Requisite.  The 
spark  plug  is  the  "business  end"  of 
"'■p^lS^i"'  "■"  Eid^'^k™^  the  ignition  system  and  no  matter 
"*  ""  how  elaborate  or  efficient  the  essen- 

tials of  the  latter  may  be,  its  successful  operation  is  governed 
entirely  by  that  of  the  plug.  As  originally  designed,  the  insulating 
material  filled  the  shell  at  the  sparking  end,  affording  a  direct  path 
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for  the  current  03  soon  03  this  small  surface  became  covered  witb 
carbon.  Failure  was  accordingly  frequent,  it  being  nothing  unusual 
to  have  to  clean  such  a  plug  in  less  than  fifty  miles  of  running.  To 
overcome  this,  a  recess  was  allowed  between  the  insulation  of  the 
central  electrode  and  the  outer  shell.  This  simple  expedient  con- 
stitutes a  basic  patent  (Canfield)  under  which  all  spark  plugs  tie 
manufactured.  Porcelain,  mica,  or  artificial  stone  is  used  as  the 
insulating  material,  the  first-named  being  most  generally  employed. 
This  is  made  in  various  forms,  as  shown  by  the  sections.  Figs,  50  and 
51,  and  it  will  be  noted  that  the  smaller  diameter  of  the  insulated 


electronic  in  the  cculcr  greatly  iiuTcases  the  area  of  the  surface  of 
both  shell  and  ]>orci'liiin  that  must  I)c  coated  with  carbon  before  b 
path  is  fiinncd  for  the  current. 

Kkrimde  Arntntji-metii.  Practit-c  also  varies  considerably  in 
the  arniiittomont  uf  tlic  flottrodcs,  taking  the  form  of  open  points  as 
in  Fip.  .'i2,  a  bridge  as  in  Fig.  .'ifl,  or  a  number  of  points  as  shown  in 
Figs. .")!  anil  "jli.  In  some  instances,  the  central  electrode  is  enclosed 
in  a  elianiber,  tlie  g;is  entering  tliniufjli  a  small  bole  in  the  shell,  83 
sh()wn  in  Fig.  'il.  ('luisideralilf;  atlviuitiigc  is  claimed  for  the  tj-peo( 
plug  having  a  iilurality  of  gaps,  tiie  number  usually  being  three,  as 
shown  in  Fig.  .">,  or  f'Hir  as  in  Fig.  W.\.  It  is  nmre  tl>eoretical  than 
actual,  however,  as  the  current  always  takes  the  shortest  path  and  the 
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brid^ng  of  any  one  of  the  gaps  by  a  particle  of  conducting  material, 
such  as  carbon,  short-circuits  all  of  them. 

Series  Plugs.    As  shown  in  the  various  wiring  diagrams,  the 
shell  of  the  plug  is  one  of  the  electrodes  and 
forms  a  part  of  the  circuit  by  being  screwed  into 
the  cylinder,  the  latter  constituting  part  of  the 
common  ground  return  for  both  the  primary 
and  the  secondary  circuits  of  all  ignitioD  sys- 
tems.   Experiment  has  shown  a  slightly  in- 
creased power  resulting  from  the  simultaneous 
occurrence  of  two  sparks  in  different  parts  of 
the  combustion  chamber  of  the  cylinder,  espe- 
cially with  the  T-head  type  of  cylinder  m  which 
the  two  plugs  can  be  located  in  the  oppositely 
placed  valve  ports.    This  is  termed  double- 
spark  ignition  and  the  type  of  magneto  de- 
signed for  this  purpose  is  described  in  the 
section  on  "Magnetos".    To  obtain  the  same 
"*  sSirk'FiS'^        result  withthestandardignitioncircuitdesigned 
to  produce  but  one  spark  in  each  cylinder,  what 
is  known  as  a  "series"  tjTW  of  plug  has  been  developed.    One  of  these 
is  shown  in  Fig.  56.   In  this  the  spark  occurs  between  two  central 
electrodes,  as  sho^'n,  the  shell  not  forming  a  con- 
nection with  the  cj'linder.  The  lead  from  the  dis- 
tributor is  attached  to  one  of  the  binding  posts  of 
this  plug  and  a  second  wire  connected  to  the  other 
binding  postis  led  to  a  standard  type  of  plug,  thus 
completing  the  circuit  and  placing  both  plugs  in 
series  so  that  a  spark  occurs  simultaneously  in 
bt  th.    By  means  of  an  attachment  as  shown  in 
Fig.  57,  this  type  of  plug  can  be  used  with  a 
grounded  return,  the  arm  shown  connecting  the 
shell  in  the  circuit.   As  the  majority  of  motors  now 
in  use  have  L-head  cylinders,  and  even  at  the  best 
the  advantage  gained  is  very  slight,  the  use  of 
series  plugs  has. not  a  great  deal  to  recommend  it. 
Magnetic  Plugs.     With  a  view  to  overcoming  the  defects  of 
the  mechanically  operated  make-and-break  plug  as  used  on  lowr 
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tension  ignition  systems,  an  automatic  plug 

was  developed.    As  shown  by  the  section. 

Fig.  58,  this  is  simply  a  solenoid  A  and 

plunger  C,  the  latter  being  held  in  contact 

at  D  by  a  spring  B.    The  current  passing 

through  the  winding  A  lifts    the  plunger 

and  the  spark  occurs  at  D.    The  remunder 

of  the  system  consists  of  a  low-tension  mag- 
neto or  other  source  of  current  supply  and  a 

timer.    Such  plugs  have  been  used  to  some 

extent  on  stationarj'  engines,  but  have  not 

pro\e(l  practical  on  the  automobile  motor, 

as  the  high  temperatures  drew  the  temper 

of  the  plunger  spring  and  often  burned  out 

the  insulation  of  the  winding. 

Priming  Phigit.   For  low-priced  motors, 

such  as  the  Ford,  which  have  no  pet  cocks 

or  compression-release  cocks  on  the  cylin- 
ders, a  spark  plug  combined  with  a  pet  cock, 
such  as  that  shown  in 

Fig.59,  canbe  had.  These  are  usually  known 
as  "priming"  plugs  in  that  they  permit  of 
priming  the  cylinder  with  gasoline  to  render 
starting  easy  in  cold  weather. 

Wakrproof  Plugs.  Ignition  systems,  oo 
iiiotor-hoat  engines  in  particular,  are  apt  to 
suli'iT  short-circuiting  from  sprayer  dampness, 
tlioiijrh  this  often  happens  on  the  automobile 
as  well  ill  lic;n->-  rainstorms.  To  guard  against 
tliis  a  so-ciillcd  waterproof  tj-pe  of  plug  b 
l)ro\-idcd.  The  precaution  usually  takes  the 
f(irin  of  a  hood  of  hard  rubber  or  other  insu- 
lating material  piactil  over  the  coimecti<m,  as 
sliown  in  Fif,'.  (iO. 

Plug    Thrvadit,    European   practice   has 

standanlii^ed  a   straight-threaded    plug,   the 

llinad  itself  usually  I)cing  of  fine  pitch.    A 

siwrki'iuK^    ^'^        plug  of  this  kind  is  screwed  home  on  a  gasket 
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of  copper  and  asbestos  or  of  the  latter  material  alone,  which  is  relied 

upon  to  prevent  leakage.    Foreign  tj-pea  are  usually  referred  to  as 

"metric"  plugs,  as  the  thread  dimensions  are  based  on  the  metric 

standard.    As  developed  at  first  in  this  country,  all  spark  plugs 

were  made  with  an  "iroo-pipe"  thread.    This  has  a  taper  of  three- 

fomths  inch  to  the  foot  and  the  plug  is 

screwed  into  the  cylinder  as  far  as  the  taper 

will  permit,  no  other  provision  being  made  to 

hold  the  compression.    As  this  is  a  crude 

expedient,   adopted  chiefly  because  of  its 

cheapness,  and  the  metric  standard  is  not 

employed  here,  an  S.A.E.  standard  plug  has 

been  developed  along  the  same  lines,  both  the 

plug  diameter  and  the  thread  itself  being 

made    somewhat    larger    than    those    used 

abroad. 

Hydraulic  Analogy  in  an  Ignition  System. 
A  comparison  of  the  workings  of  an  ignition 
system  with  the  action  of  an  hydraulic  system 
having  similarly  related  parts  will  serve  to  pg^  gg  ^^^^^  Piu^  ^,[, 
make  clear  the  operation  of  the  former.  It  w«"rp™J  Coo.«cii«n. 
must  first  be  borne  in  mind  that  a  high-tension  ignition  system  consists 
of  a  source  of  current;  an  interrupter,  or  method  of  automatically 
breaking  the  drcuit  of  this  current  supply,  timed  with  relation  to 
the  revolution  of  the  engine  crankshaft;  a  condenser  to  suppress  the 
arc  at  the  interrupter  contacts;  a  transforming  dcvic-e,  or  induction 
coil,  to  transform  a  current  of  comparatively  high  amperage  at  a  low 
potential  to  one  of  high  voltage;  a  device  for  distributing  this  high- 
tension  current  to  the  spark  plugs,  also  timed  with  relation  to  the 
crankshaft;  and  the  spark  plugs  themselves. 

Current.  The  electric  current  in  the  ignition  system  may  be 
represented  by  water  flowing  in  a  pipe  from  a  source  of  supply  which 
puts  it  under  pressure,  corresponding  to  the  storage  battery.  A 
certain  amount  of  frictional  resistance  must  be  overcome  by  the 
water  in  flowing  through  the  pipe  and  this  is  equivalent  to  the 
electrical  resistance  of  the  wiring  in  the  ignition  circuit.  The  rate 
of  water  flow  in  the  pipe  corresponds  to  the  current  in  the  coil,  and 
the  inertia  of  the  water  to  the  inductance  of  the  primary  winding  i|| 
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the  induction  coil.  Now,  if  the  flow  of  water  be  suddenly  stoppe<l, 
there  will  be  an  enormous  increase' in  the  pressure,  due  to  the  inertia 
of  the  water.  This  effect,  known  as  water  hammer,  is  commonly 
noticed  in  the  larger  sizes  of  pipes  carrying  water  under  considerable 
pressure.  It  corresponds  to  the  great  increase  in  the  pressure,  or 
voltage,  which  takes  place  when  the  flow  of  current  in  the  primary 
of  the  ignition  circuit  is  opened  suddenly  by  the  interrupter.  This 
is  due  to  the  inductance  in  the  coil.  A  quick-closing  valve  in  the 
water  system  would  accordingly  correspond  to  the  timer  contacts 
which  interrupt  the  current  in  the  primary  of  the  induction  coil. 

Office  of  Condenser,  There  is  one  peculiar  tendency  of  timer 
contacts  which  must  be  mentioned  here  to  make  the  analogy  more 
complete.  Unless  protected  by  a  condenser,  they  are  apt  to  burn 
away  very  rapidly,  due  to  the  arc  produced  by  the  current  at  the 
moment  of  separation.  (This  is  also  true  of  the  contacts  of  the  battery 
cut-out  and  of  the  regulator  employed  in  connection  with  starting  ami 
lighting  systems;  the  condenser  does  not  eliminate  this  tendency  to 
hum  away  but  reduces  it  to  a  minimum.)  This  failing  on  the  part 
of  the  timer  contacts  would  correspond  in  the  hydraulic  system  to  a 
valve  with  a  very  thin  edge  which  would  be  liable  to  bend  under  the 
sudden  rise  in  j)ressure  before  it  is  fully  closed.  In  the  case  of  both 
systems,  therefore,  it  is  necessary  to  arrange  for  some  protection, 
and  a  condenser  is  supplied  for  this  purpose  in  the  ignition  system. 

In  the  hydraulic  system,  it  takes  the  form  of  a  surge  chamber,  as 
shown  in  Fig.  ()1.  This  chamber  has  an  elastic  diaphragm  centrally 
placed  in  it,  and  the  chamber  itself  is  shunted,  or  connected,  aroun<l 
the  valve  in  the  same  manner  as  the  condenser  is  connected  to  the 
contact  j)oints.  When  the  valve  begins  to  close,  this  surge  chamber 
relieves  the  j)ressure  to  some  extent  during  the  operation  of  closing 
the  valve  and  so  protects  the  thin  edge  of  the  valve  from  bending. 
After  the  valve  is  fully  cl()se<l,  there  is,  of  a)urse,  no  further  dangt^ 
of  its  being  bent  over.  In  the  electrical  system,  the  c*ondenser 
supplies  similar  protection,  reducing  the  voltage  at  the  timer  contacts 
at  the  moment  of  separation  and  keeping  this  voltage  reduced  until 
they  are  fully  ()])en,  thus  preventing  the  current  from  bridging  the 
gap,  or  arcing.  Once  the  contacts  are  fully  separated,  the  low-tension 
current  cannot  jumj)  the  air  gap,  so  that  there  is  no  further  danger 
of  tlieir  burning. 
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Transformer.  In  order  to  utilize  the  pressure  produced  by  the 
sudden  closing  of  the  valve,  it  is  necessary  to  provide  some  trans- 
forming device,  such  as  a  pressure  chamber.  This  is  illustrated  in 
Fig.  61,  and  it  will  be  noted  that  it  is  of  a  much  larger  diameter  than 
the  pipe.  As  the  pressure  in  the  chamber  and  the  pressure  in  the 
pipe  will  both  have  some  unit  value  (measured  in  pounds  per  square 
inch),  the  total  pressure  on  the  piston  will  be  to  the  pressure  in  the 
pipe  as  the  area  of  the  piston  is  to  the  area  of  the  pipe.  By  the  use 
of  a  pressure  chamber  of  large  diameter,  compared  to  that  of  the 
pipe,  a  very  considerable  force  is  applied  to  the  piston,  but  the 
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This  high  voltage  is  accompanied  by  a  very  small  amount  of  current, 
just  as  in  the  hydraulic  system  the  greatly  increased  pressure  on  the 
piston  produces  but  a  very  slight  movement  of  the  latter.  This  rise  in 
the  voltage  and  decrease  in  the  current  can  be  made  clear  by  a  brief 
explanation.  By  the  principles  of  induction,  a  current  flowing  in  the 
primary  coil  will  induce  a  current  in  the  secondary  coil.  The  energA* 
of  these  currents  in  watts  is  equal  to  the  electromotive  force  in  volts 
times  the  current  in  amperes.  Now,  as  the  transformer  cannot  create 
electrical  energy,  the  energy  of  the  transformed  current  must  equal 
the  energy  of  the  current  before  it  is  transformed,  barring  a  small  loss 
witliin  the  transformer.  This  means  that  if  the  voltage  of  the  cur- 
rent is  raised  from  6  volts,  say,  in  the  primary  to  6000  volts  in  the 
secondary  (that  is,  made  one  thousand  times  greater),  the  amperage 
of  the  primary  current  must  be  correspondingly  reduced  from 
2  amperes,  say,  to  .002.  In  other  words,  the  product  of  the  current 
and  electromotive  force  must  be  always  the  same  before  and  after 
transformation. 

INDUCTION  SOURCES  OF  IGNITION  CURRENT— MAGNETOS 

Owing  to  the  failure  of  either  dry  cells  or  storage  batteries  to 
supply  sufficient  current  to  operate  the  wasteful  contact  devices  at 
first  emj)l()yc(l,  niechanically  driven  current  generators  were  adopted. 
American  practice  at  first  favored  the  small,  high-speed  direct- 
current  dynamo,  but  as  proper  regulating  devices  had  not  then  been 
developed,  it  was  not  successful,  chiefly  because  its  speed  range  was 
so  limited.  Few  of  these  little  dynamos  generated  sufiicient  current 
at  less  than  1200  r.p.m.  to  ignite  the  charge  in  the  cylinder,  so  that 
at  slow  speeds  they  would  not  run  the  motor.  If  run  much  faster. 
they  hurned  out  and  were  accordingly  abandoned. 

Working  Principle.  '^I'he  magneto  is  simply  a  small  dynamo 
in  which  the  fields  consist  of  permanent  magnets,  instead  of  electn>- 
magnets,  the  cores  of  which  only  become  magnetic  when  a  current 
is  i)assed  through  their  win<lings.  Hard  steel,  particularly  when 
alloyed  with  tungsten,  retains  a  very  substantial  percentage  of  its 
magnetism,  after  liaving  hvvn  once  magnetized  by  contact  with  a 
powerful  electroinagiiet.  Its  retaining  j)()wer  is  further  increased  by 
placing  a  *'kec])cr",  or  armature,  across  the  poles,  or  ends.  The 
a<lvantage  of  a  pcrinancnt  field  for  magneto  use  is  that  it  is  at  its 
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maTimiim  inteosity  regardless  of  how  slowly  the  armature  is  revolv- 
ing so  that  a  good  spark  is  produced  at  very  low  speeds;  while  its 
initial  value  cannot  be  exceeded  no  matter  how  fast  the  machine  is 
run,  so  that  the  armature  winding  cannot  be  buraed  out.  All 
magnetos  generate  an  alternating  current  so  that 
when  used  with  a  coil  there  is  no  necessity  of  fre- 
quently making  and  breaking  the  drcuit,  as  is  done 
by  the  vibrator  of  a  coil  handling  direct  current, 
the  alternate  surges  of  current  from  zero  to  maxi- 
mum of  opposite  polarity  producing  the  same  effect 
more  efficiently. 

Low-Tension  Magneto.   A  low-tension  magneto 
is  nothing  more  or  less  than  the  simple  instrument       iSjo^c^tMt 
which  formed  part  of  the  thousands  of  telephones  Br«»kM 

of  the  hand-ringing  type  still  to  be  found  in  rural  districts.  Built 
with  more  powerful  magnets  and  wound  to  give  a  greater  current 
output  at  a  lower  voltage,  it  was  employed  in  connection  with  low- 
tension  ignition  systems. 


St  Breaker  o[  High-Tei 


As  the  mechanically  operated  make-and-break  plug  circuits  are 
timed,  the  magneto  is  simply  revolved  continuously  without  refer- 
ence to  the  motor  timing,  the  current  being  constantly  delivered  to 
the  drcuit  through  the  usual  collector  ring  and  brushes.     Magnetos 
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<rf  this  t>T)e  are  still  used  to  a  greater  or  less  extent  on  large,  slow- 
speed  stationary  engines. 

High-Tension  Magneto.  Essentially  all  magnetos  are  the 
same:  that  is,  they  have  a  permanent  magnet  field  and  a  two-pole 
armature.  In  what  may  be  best  identified  by  terming  it  the  true 
kigh4ension  type,  there  are  two  windings  on  this  armature,  a  primary 
winding  of  comparatively  coarse  wire  in  which  the  current  is  gener- 
ated, and  a  secondary  winding  of  fine  wire,  the  same  as  an  induction 
coil.  A  magneto  of  this  type  is  timed  with  the  motor  according  to 
the  number  of  cylinders,  being  driven  at  crankshaft  speed  in  the 
case  of  a  four-cylinder  motor  and  at  one  and  a  half  times  crankshaft 
speed  in  the  case  of  a  six.  In  addition  to  the  usual  current-collecting 
device,  it  is  equipped  with  a  contact  breaker  or  interrupter,  such  as 
that  shown  in  Fig.  62,  which  is  part  of  a  Remy  magneto.  Fig.  63 
shows  the  same  essential  of  a  Bosch  light-car  type  magneto.  Except 
at  the  point  in  the  revolution  at  which  the  spark  is  to  occur  in  the 
cylinder,  the  armature  circuit  is  normally  short-circuited  upon 
itself.  This  permits  it  to  "build  up",  so  to  speak;  that  is,  as  the 
armature  poles  come  within  the  most  intense  part  of  the  field,  the 
current  in  the  armature  winding  reaches  its  maxim^mi  value  and, 
at  this  moment,  the  contact  points  of  the  breaker  are  opened  and  a 
strong  current  is  induced  in  the  secondary  windintj:.  As  the  dis- 
tributor runs  synchronously  with  the  contact  breaker,  the  circuit 
to  one  of  the  plugs  is  closed  at  the  same  time  the  spark  occurs  at  it. 

Description  of  True  High- Tension  Type.  A  sectional  view  of  a 
true  high-tension  magneto  is  shown  in  tig.  64.  In  this  the  primary 
and  the  secondary  windings  on  the  shuttle  armature  are  entirely 
separate  to  insure  better  insulation.  These  windings  are  not  shown 
in  section  in  the  illustration,  the  usual  insulating  tape  winding  being 
indicated  on  the  armature.  Twice  during  every  revolution  of  the 
armature,  the  primary  circuit  is  opened  at  the  platinum  points  P  P 
of  the  circuit  breaker,  the  interruption  occurring  substantially  at  the 
moment  when  the  primary  current  is  at  its  maximum.  From  the 
primary  winding,  the  current  is  conducted  to  the  stationary  member 
of  the  contact  breaker  C  through  the  terminal  B.  A  is  the  condenser. 
One  terminal  of  the  secondary  winding  is  connected  to  the  end  of  the 
primary  winding,  as  in  a  coil,  and  the  other  connects  with  the  high- 
tension  collector  ring  D,  from  which  it  is  conducted  through  a  carbon 
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brush  to  the  brush  of  the  distributor  above  it  for  distributioD  to  the 
four  brass  segments  in  the  distributor  plate  E,  These  s^ments  are 
connected  to  the  four  terminals  shown  extending  above  the  magneto 
in  the  end  view  at  the  right  and  from  them  the  usual  high-tension 
cables  are  led  to  the  plugs.  The  distributor  is  driven  from  the  arma- 
ture shaft  of  the  magneto  through  2  to  I  gearing  so  that  it  only 
makes  one  revolution  for  two  turns  of  the  crankshaft  in  the  case  of 
four-cylinder  four-cycle  motor,  as  in  the  latter  but  two  explosions 
occur  per  revolution.  To  vary  the  time  of  occurrence  of  the  spark  in 
the  cylinders,  the  contact 
breaker  may  be  tumeii 
through  part  of  a  revolution 
by  means  of  a  rod  and 
linkage  fastened  to  one  of 
the  extensions  of  the  con- 
tact breaker  box,  as  shown 
in  the  end  view.  This  con- 
nects with  the  spark  timing' 
lever  on  the  steering  wheel 
and,  to  stop  the  action  of 
the  magneto,  it  is  only 
necessary  to  move  this  lever 
to  the  extreme  retard  |iosi- 
tion,  which  brings  the  sprin;: 
i„r  („r  G  in  contact  with  the  biJi 
II  and  short-circuits  tin 
primary  windin^r. 
ilVcrs  from  Fig.  63,  as  it  is  a  magneto 
Ignition   and    battery  charging   art 


Tliis  iii^triiniciit,  V'v^.  li-'i, 
iiiicl  a  fjnicnitdr  cuTiiliinfil. 
ac('()iii[iii^lK-<i  l)y  tills  unit. 

Tiipi.ol  ni-il'-Tfmw)!  .1/ 
diasrriiiri  for  »  l.i-h-l.>iisioi,  s 
iiiiigLii'ln.  /(  isii  wirt'i.l' til.'  ]i 
mil  is  in  lliis  •■iivoil.  Ix'ini: 


Ihor. 


'iiiitiji 


mil.' 


ipirli,  Circuit.  Fig.  66  is  the  wiring 
slfiii.  iisidtr  a  Inie  liigh-tcnsion  type 
Liiiary  .■in-uit.  A  primary  generatinp 
.until]  nti  till'  sliuftle  type  armature: 
■r.  K.  wliii-li  is  carritMl  on  thf  same 
!.■  Mniuitiii-i'.  ''  i.s  ji  liifrli  tension  eoil 
i!  located  in  tlit-  cimiit.     The  dotted 
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High-Tension  Type  with  Coil.  This  is  not  actually  a  bi^- 
tension  magneto,  properly  so-called,  as  it  only  generates  a  low-tension 
current,  which  is  subsequently  stepped  up  through  a  transfonner  or 
non-vibrator  coil,  but  it  is  commonly  so  termed  as  it  is  always  used  in 
connection  with  a  high-tension  ignition  system.  In  this  case  there  is 
only  a  single  winding  on  the  armature  and  the  current  is  led  from  the 
latter  throu^  the  usual  contact  breaker  and  then  to  an  independent 
coil,  generally  located  on  the  dash.  The  condenser  is  combined  with 
the  coil,  and  from  the  latter  the  high-tension  current  is  led  back  to 
the  magneto  to  be  distributed.    Owing  to  its  lower  cost,  this  type  of 
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magneto  is  probably  more  generally  employed,  especially  on  medium- 
priced  American  cars,  than  any  other. 

Safety  Gap.  If  the  current  induced  in  the  secondary  winding  of 
an  induction  coil  meet  with  a  resistance  in  the  outer  circuit  in  which 
the  coil  is  connected,  greater  than  the  resistance  presented  by  the 
insulation  of  its  own  windings,  it  will  puncture  this  insulation  and  the 
expensive  coil  will  he  ruined.  The  placing  of  such  a  resistance  in  the 
high-tension  circuit  occurs  when  the  connection  of  a  spark  plug  is 
removed  from  the  plug  terminal  and  is  allowed  to  dangle  in  the  air 
beside  the  motor  and,  unless  this  were  guarded  against,  it  would 
result  in  the  breakdown  of  the  ignition  system.  The  precaution  takes 
the  form  of  a  safety  gap.  This  is  an  opening  inserted  in  the  circuit, 
and  its  length  la  based  on  the  safe  maximum  distance  that  the  coil 
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can  bridge  in  normally  dry  air.  A  safety  gap  of  this  kind  is  shown  at 
F  in  Fig.  64.  In  the  type  of  magneto  just  described  above  it  is 
embodied  in  the  coil.  When  an  opening  at  any  point  in  the  high- 
tension  circuit  exceeds  the  length  of  this  gap,  the  current  takes  the 
path  thus  provided,  thus  preventing  the  imposition  of  an  excessive 
strain  upon  the  insulation  of  the  secondary  windings. 

Wiring  Connecturns.  For  the  actual  operation  of  an  induction  coil, 
there  is  no  necessity  for  any  electrical  connection  between  the  priman' 
and  the  secondary  windings,  the  electrical  energy  being  transferred 
from  one  to  the  other  entirely  by  induction,  i.e.,  through  the  inter- 
mediary of  the  magnetic  lines  of  force  which  interlink  both.  How- 
ever, for  the  sake  of  simplicity  of  external  connections,  the  beginning 
of  the  secondary  winding  is  usually  connected  to  the  end  of  the 
primary.  Both  the  primary  and  the  secondary  circuits  have  a 
''ground  return'',  which  necessitates  that  one  end  of  both  the  priman' 
and  the  secondary  winding  of  the  coil  be  placed  in  positive  metallic 
connection  with  the  engine  or  car  frame.  By  connecting  the  two 
windings,  as  mentioned,  a  single  wire  serves  to  ground  both.  The 
average  coil,  therefore,  has  only  three  terminals,  i.e.,  one  primarj',  one 
secondary,  and  one  common  ground  connection. 

On  cars  that  are  provided  A^-ith  magneto  ignition  alone,  as  is  the 
case  with  French  taxicabs  and  many  other  French  light  cars,  there 
would  he  only  two  connections  between  the  magneto  and  the  coil 
one  primary  and  one  secondary;  one  connection  from  the  coil  to  a 
ground,  as  the  motor  or  frame;  and  four  connections  direct  from  the 
magneto  distributor  to  the  spark  plugs.  This  represents  an  ignition 
system  reduced  to  its  lowest  terms  of  simplicity.  As  a  matter  of  ft  <1. 
it  is  even  more  simple  in  reality,  as  most  French  cars  use  the  true 
high-tension  type  of  magneto  so  that  the  four  leads  from  the  magneto 
to  the  i)lugs  are  the  only  external  wires  in  evidence.  Unless  a  mag- 
neto is  in  excellent  condition,  however — and  the  magnets  lose  their 
strength  more  or  less  rapidly  under  the  influence  of  the  heat  and 
vibration — too  much  efVort  is  recpiired  to  start  the  motor,  American 
manufacturers  accordingly  sui)ply  a  battery  for  starting  purposes, 
and  on  some  of  the  high-j)rieed  cars  this  takes  the  form  of  an  entirdy 
independent  battery  ignition  system,  i.e.,  having  a  battery,  cwl, 
timer,  distributor,  and  a  separate  set  of  spark  plugs.  It  also  con- 
stitutes an  enuTgency  system  that  may  be  resorted  to  in  case  oil 
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breakdown  of  the  magneto,  but  the  latter  13  so  rare  and  the  cost 
and  complication  of  the  extra  system  are  such  that  the  latter  is  not 
generally  used.  Instead,  the  magneto  coil,  contact  breaker,  and , 
distributor  are  utilized  with  the  battery  as  the  source  of  current 
Inductor-Type  Magneto.  Mention  has  been  made  in  the  intro- 
ductory of  the  fact  that  if  a  coil  of  wire  be  moved  so  as  to  cut  the 
lines  of  force  of  a  magnetic  field,  an  e.m.f.  will  be  induced  in  the 
^'ire.  If,  instead  of  moving  the  wire,  a  magnetic  flux  be  made  to 
pass  through  it  first  in  one  direction  and  then  in  the  other,  the  same 
result  will  be  obtained,  i.e.,  an  alternating  e.m.f.  will  be  produced. 
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winding  in  the  center  is  mounted  on  the  shaft  of  the  rotor  and  con 
sists  of  a  primary  and  secondary  coil. 

There  is  no  mechanical  or  electrical  connection  between  thi 
windings  and  the  rotor  shaft,  nor  between  the  laminated  blocks  o; 
the  rotor  and  the  windings.  As  shown  in  the  illustration  these  an 
placed  at  right  angles  to  one  another  and  are  riveted  to  the  shaft 
It  will  be  evident  that  in  the  position  shown  in  the  illustration  tht 
right-hand  member  of  the  rotor  will  be  bridging  the  ix>le  pieces  ol 


the  iiiiifjiiftic  fn'id;  hy  ^ivinn  the  shaft  a  quarter  turn  the  two  rotol 
nieiiibcrs  will  Imve  their  ciuls  fining  opposite  poles  of  the  magnetif 
field,  thus  amipletiiig  tlie  magnetic  circuit  through  the  center  ol 
the  windings.  CimseqiU'iitly,  a  current  wave  will  be  produced  eaci 
time  tlie  rotor  revolves  through  a  guurter-turn,  or  90  degrees,  sc 
that  this  inductor  niagueto  [miduces  four  Impulses  per  revolution 
instead  of  two  as  in  tlie  ordinary  tyjH!  having  a  wound  bipolar 
ammture  of  H  fonu.  A]);irt  from  the  method  of  producing  the 
current,  the  remuiiiing  c^sentiiiis  of  the  magneto  are  the  same. 
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except  liat  no  collector  brush  is  necessary  as  is  the  case  where  the 
current  is  generated  in  a  revolving  winding  on  an  armature. 

The  details  of  construction  of  the  K-W  high-tension  magneto 
are  shown  in  Fig.  68.  While,  from  an  external  view  of  the  rotor, 
it  apparently  consists  of  two  independent  parts,  it  will  be  seen  in 
the  section  that  it  Is  practically  one  piece,  the  connecting  part 
passing  through  the  center  of  the  winding  so  that  the  magnetic  cir- 
cuit is  completed  through  the  latter.  The  primary  winding,  consist- 
ing of  four  layers  of  comparatively  coarse  wire,  will  be  noted  close 
to  the  rotor;  just  outside  of  this  is  the  secondary  winding  of  many 
layers  of  fine  wire  and  from  the  latter  the  connection  is  carried 
upward  to  a  horizontal  strip  of  copper  termed  a  bus  bar.  At  the 
right,  this  bar  connects  with  the  dbtributor  for  the  high-tension 

current;  at    the  left  it 

connects  with  the  safety 
gap,  directly  beneath 
which  is  the  condenser. 
Timiiig.  The  mag- 
neto is  timed  by  an  in- 
terrupter operated  by  a 
cam  on  the  rotor  shaft  in 
the  usual  manner;  the 
details  of  this  interrupter  are  shown  in  Fig,  69.  As  is  the  case  with  all 
ignition  magnetos,  these  points  remain  closed,  thus  short-circuiting 
the  primary  winding,  until  the  current  reaches  its  maximum,  and  then 
are  opened  suddenly,  thereby  inducing  a  current  in  the  secondary 
winding.  The  firing  point  of  the  magneto  is  just  as  the  contact 
points  begin  to  separate,  as  shown  in  Fig.  69,  which  is  exaggerated 
to  make  this  clear.  At  the  same  moment,  the  distributor  arm  is 
passing  one  of  the  segments  connected  to  a  spark  plug,  as  ahown  in 
Fig.  70,  the  firing  order  of  the  motor  in  this  case  being  1,  2,  4,  3. 
While  the  magneto  produces  four  waves  per  revolution,  these  are 
not  necessarily  all  utilized;  the  cam  (c  in  Fig.  70)  opens  the  inter- 
rupter twice  per  revolution,  giving  two  sparks  for  each  turn  of  the 
crankshaft,  as  required  by  a  four-cylinder  four-cycle  motor.  In 
a  four-cylinder  twoK;ycle  motor,  a  four-sided  cam  would  be 
employed  thus  producing  four  sparks  per  revolution. 

The  letters  on  thcAlitration  are :  A  contact  breaker  box;  c  cam; 
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P  contact  points  of  interrupter;  il  cam  roller  to  lessen  friction  at  thai 
point;  £  distributor  arm;  S  distributor  segments;  RH  and  LHnter- 
ring  to  the  direction  of  rotation,  as  either  right  hand — also  termed 
"clockwise"  or  from  left  to  right — and  left  hand,  anti-clockwise. 

Dixie  Magneto.  Essential  Elements;  Circuits.  While  based  on 
the  inductor  principle,  this  differs  from  an  inductor  type  of  magnetc 
in  that  the  pole  pieces  themselves  are  revolved  and  they  do  not 
reverse  their  polarity  as  in  the  case  of  an  inductor  or  an  armature. 

The  rotating  element  of  the  Dixie  is  shown  in  Fig.  71 ;  i?  is  a 
brass  block  which  prevents  any  magnetic  flux  flowing  directly  from 
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.V  to  .*?.  whicli  arc  tlio  rotatins  pole  pieces.  The  coil  with  its  pri- 
niiirv  jiiid  sfcimdary  windings  is  piacwl  directly  above  this  rotatin| 
cIniK'iit,  in  tlif  hollow  uf  the  iiiiigiiets,  as  shown  in  Fig.  72.  At  the 
right  in  the  .same  fij;urc  ih  slumii  the  relation  between  the  rotor,  tht 
magnets,  ami  the  coil.  It  will  he  nott-d  that  the  core  of  the  coil  f 
bridges  the  stationary  |>ole  pieces  F  aiici  0  and  that  the  shaft  of  the 
rotor  passes  through  the  niat:ncts  in  a  plane  at  right  angles  to  that 
of  the  usual  magneto.  Tlie  reversid  of  the  magnetic  flux,  with 
varying  p<)silions  of  the  rotor,  is  shown  in  the  right-hand  sketch  of 
Fig.  72,  and  in  I'ig.  7r{. 
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The  primary  circuit  of  the  Dixie  is  shown  in  Fig.  74;  A  being 
the  core  of  the  coil,  P  the  primary  winding,  R  the  condenser,  X  and 

Y  the  points  of  the  interrupter  or 
contact  breaker.  The  terminal  D  is 
a  screw  on  the  head  of  the  coil,  and 
the  wire  Z  connects  directly  with  the 
contact  Y  of  the  interrupter.  Fig. 
75  shows  the  details  of  this  inter- 
rupter, the  housing  of  which  is  at- 
tached to  the  mounting  of  the  wind- 
ings, while  the  details  of  the  secondary  circuit  are  shown  in  Fig. 
76.     C  is  the  end  of  the  high-tension,  or  secondary  winding  of 


Fig.  71.     Rotating  Element  of  Dixie 
Magneto 


Fig.  72.     Details  of  Dixie  Magneto 
Courtety  of  Splitdorf  Electrical  Company,  Netoar^.,  N.  J, 

the  coU,  which  is  connected  to  a  metal  plate  D  embedded  in  the 
hard-rubber  end  piece  of  the  coil  A.    A  small  coil  spring  holds  the 
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Fig.  73.    Diagram  Showing  Revenal  of  Magnetic  Flux  in  Dixie  Magneto 

connection  F  in  contact  with  D  and  at  its  outer  end  F  connects  with 
J  which  is  the  distributor  brush.  The  latter  revolves,  successively 
passing  over  the  segments  leading  to  the  corresponding  spark  plugs. 


113 


114 


ELECTRICAL  EQUIPMENT 


But  one  of  these  segments  is  indicated  by  L,  the  dotted  lines  indicat- 
ing the  completion  of  the  circuit  through  the  ground  connections. 

Timing.    As  the  contact-breaker  box  is  attached  to  the  mount- 
ing of  the  coil,  the  latter  moves  with  it  when  the  former  is  partly 
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rotated  to  advance  or  retard  the  occurrence  of  the  spark  in  the 
<'j'linders,  so  that  the  opening  of  the  contact  points  alnaj's  takes 
place  at  the  point  of  maximum  current.  This  is  shown  diagram- 
nmtically  in  Fig.  77.  As 
tlie  contact  points  are 
opened  by  tlie  revolution 
of  the  cam,  it  will  be  ap- 
parent that  a  movement 
of  the  mounting  of  these 
points  with  relation  to 
tlic  cam  will  alter  the 
time  at  whith  tlicy  will 
uiKiTate.  For  example, 
assuming  that  the 
magneto  is  designed  to  run  clockwise,  moving  the  interrupter  in  fte 
same  iliroetion  as  the  rotation  will  cause  the  spark  to  occur  laterals 
shown  by  tlie  retarded  position  In  the  sketch.  Moving  the  intemiptfr 
against  the  direction  of  rotation  of  the  cam  accordingly  would 
cause  the  spark  to  occur  earlier.  Tlic  range  of  movement  is  approxi- 
mately 15  degrees  each  side  of  the  neutral  point  indicated  by  the 
horizontal  position  <if  the  lever  on  the  breaker  box;  the  dotted  liiws 
show  how  the  firing  pohit  may  he  advanced  15  degrees  or  retarded 
an  equal  amount.  The  lever  in  question  is  connected  by  means  cf 
linked  rods  to  the  spark  lever  on  the  steering  wheel. 
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Magnetos  for  E^t^ylinder  and  Twelve-Cylinder  Motors.    It 

will  be  evident  that,  regardless  of  the  number  of  cylinders  to  be 
fired,  the  principles  of  current  geaeration,  transformation  (to  high 
tension),  and  distribution  remain  the  same,  so  that  a  reference  to 
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the  models  of  the  Dixie  for  eight-cylinder  and  twelve-cylinder 
motors  will  suffice  to  cover  the  modifications  required  by  the  increased 
number  of  cylinders.  To  keep  the  speed  of  the  magneto  down,  the 
rotor  is  provided  with  four  poles  instead  of  two,  so  that  four  impulses 
are  generated  in  the  windings  per  revolution.    This  permits  of 
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lifting  faces  being  provided  for  this  purpose — and  the  distributor 
is  provided  with  twice  as  many  segments  and  spark-plug  leads  as  a 
magneto  designed  for  four-cylinder  or  six-cylinder  motors.  But  as 
the  contact  segments  of  the  distributor  must  be  sufficiently  long  to 
permit  of  the  distributor  brush  being  in  contact  with  them,  regard- 
less of  the  point  to  which  the  ignition  timing  is  advanced  or  retar(le<l, 
it  is  impossible  to  place  more  than  six  contact  segments  in  a  circle 
without  reducing  the  insulation  between  them  to  a  point  where 
there  would  be  danger  of  the  high-tension  current  jumping  the  gap 
and  thus  deranging  the  ignition.  To  avoid  this  a  compound  dis- 
tributor is  employed,  i.e.,  two  distributors  are  combined,  but  instead 
of  being  placed  on  a  flat  surface  as  in  the  magnetos  for  a  smaller 
number  of  cylinders,  the  segments  are  spaced  around  the  inner 
periphery  of  a  hollow  cylinder.  Two  radial  contact  brushes  are 
carried  by  the  revolving  member  of  the  distributor,  each  of  which 
makes  contact  with  one  of  the  sets  of  segments.  Fig.  78  illustrates 
the  distributor  itself,  while  Fig.  79  is  the  revolving  member.  The 
radial  brushes  A2  and  B2  of  Fig.  79  are  electrically  connected  to 
contact  brushes  extending  laterally  (^1  and  Bl)  from  the  revolving 
member.  These  brushes  make  contact  alternately  w^ith  the  arms 
of  a  metal  spider  sunk  flush  in  the  end  wall  of  the  distributor,  S  in 
Fig.  78,  with  which  the  central  pin  of  the  distributor  rotor  D,  Fig. 
79,  also  connects.  The  high-tension  current  from  the  windings  is  fed 
to  this  distributor  rotor  through  the  spring  brush  contact  C. 

Path  of  Current,  The  path  followed  by  the  current  is  acconi- 
iugly  as  follows:  from  the  high-tension  winding  of  the  coil  (not 
shown  here)  to  the  distributor  rotor  through  the  brush  C ;  from 
brush  I)  to  the  spider  H:  from  S  alternately  through  brushes  A\ 
and  B\  to  the  distributor  segments  representing  the  inner  and 
outer  row  of  spark-plug  leads,  through  the  brushes  A2  and  Bl. 
Brushes  .11  and  7^1  are  so  spaced  that,  when  one  is  centrally  in 
contact  with  an  arm  of  the  spider  N,  the  other  is  midway  between  the 
second  and  third  arms  from  the  one  with  which  contact  is  being  made. 

The  relation  of  the  various  members  of  the  Dixie  magneto  will 
be  clear  upon  reference  to  the  sectional  view%  Fig.  80,  showing  one 
of  the  four-cylinder  models.  The  contact  breaker  or  interrupter  is 
at  the  left-hand  end  of  the  rotor  shaft;  just  above  the  rotor  itself 
is  the  coil,  while  to  the  left  of  this  is  the  distributor. 


116 


ELECTRICAL  EQUIPMENT 


118 


ELECTRICAL  EQUIPMENT 


IGNITION  SYSTEMS 
STANDARD  TYPES 
Dual  Ignition  System.  Boach  Type.  The  dual  type  of  ignition 
system  uses  one  coil  and  one  set  of  plugs  with  either  the  battery  or 
the  magneto  as  the  source  of  current  supply,  the  magneto  contact 
breaker  and  distributor  being  common  to  both.  Fig.  81  illustrates 
the  connections  of  a  dual  system.  Wire  Number  /  is  in  the  low- 
tension  circuit  and  conducts  the  battery  current  from  the  primar.- 
winding  of  the  coil  to  the  contact  breaker  of  the  magneto.  Low- 
tension  wire  Number  2  is  the  grounding  wire  by  which  the  primarj' 
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circuit  uf  the  magneto  is  Krou'i'lfd  when  the  switch  is  thrown  to  the 
"oil"  or  "biittiTv"  position.  Wire  Number  S  leads  the  high-tension 
current  from  the  magneto  to  the  switch  contact,  and  wire  Number 
4  is  the  wire  that  curries  the  high-tension  current  from  the  coil  to 
the  distributor.  Number  5  loads  from  the  negative  terminal  of 
the  batter."  to  the  coil,  and  the  positive  terminal  of  the  battery  is 
grounded  by  Number  7;  a  second  ground  wire,  Number  6,  is  con- 
nected to  the  coil  tcrniiiial.  Tlic  press  buttim  on  the  switch  cuts  in 
the  battery  circuit  which  iiieluiies  a  special  vibrator  on  the  coil  which 
is  employed  simply  for  "starting  on  the  spark";  i.e.,  when  a  chai^ 
of  gas  is  left  in  the  cylinders  and  the  crankshaft  has  stopped  with 
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the  pistons  in  the  proper  position  for  firing  the  next  one  in  order, 
a  spark  in  that  cylinder  will  frequently  start  the  motor. 

Remy  Type.  Prior  to  the  general  adoption  of  electric  lighting 
and  starting  systems,  the  dual  type  of  ignition  system  was  almost 
universally  employed  on  the  lower  and  medium  priced  cars,  a 
number  of  which  are  still  in  service.  The 'Remy  magneto,  a  sec- 
tion and  end  elevation  of  which  are  shown  in  Fig.  82,  is  typical  of 
the  class  used  for  this  serv'ice.  The  armature  A  is  of  the  H  or 
shuttle  typ)e,  of  laminated  construction  fitted  with  cast  bronze 
heads  B.  It  carries  a  single  winding,  one  end  of  which  is  grounded 
by  connecting  it  to  the  rear  bronze  head  at  D,  the  ground  connec- 
tion being  further  insured  by  the  carbon  brush  E,  pressed  against 
the  head  by  a  spring.  The  other  end  of  the  armature  winding  is 
connected  through  an  insulated  stud  F  to  the  collector  ring  G  from 
which  the  current  is  taken  by  a  carbon  brush  in  the  holder  //. 
From  this  brush  a  low-tension  cable  runs  to  the  induction  coil 
mounted  on  the  dash. 

The  other  primary  terminal  of  the  coil  is  connected  to  the 
terminal  /  on  the  breaker  box  at  the  right-hand  end  of  the  magneto. 
This  terminal,  which  extends  through  the  breaker-box  cover  J  of 
insulating  material,  forms  an  integral  part  of  the  contact  screw  A' 
which  carries  one  of  the  contact  points  of  the  interrupter.  The 
other  contact  i)()int  is  mounted  on  the  free  end  of  the  lever  L,  pivoted 
at  its  lower  end  and  provided  with  a  fiber  contact  block  bearing 
against  the  cam  M  carried  on  the  armature  shaft.  The  contact 
screw  A',  interrupter  lever  A,  and  its  stud  N  are  all  supported  on 
the  metal  plate  T  forming  the  interrupter  base.  This  plate  is  sup- 
ported on  a  lateral  projection  from  a  disc  secured  to  the  forward 
end  plate  N  of  the  magneto  and  is  provided  with  the  radial  arm  V, 
which  is  connected  by  jointed  rods  to  the  spark  timing  lever  on  the 
steering  wht^el.  This  permits  of  moving  the  breaker  box  through 
part  of  a  revolution  with  relation  to  the  cam  on  the  armature  shaft 
to  advance  or  retard  the  time  of  ignition,  as  explained  later  mider 
Spark  Timing.  The  hiterrui)ter  lev(T  L  is  grounded  to  the  frame 
of  the  magneto  through  the  stud  X,  The  condenser  0  is  placed  in 
the  armature  cover  i)late  and  has  one  terminal  connected  to  the 
stationary  contact  screw  A'  and  the  other  terminal  grounded,  so 
that  it  is  shunted  or  ''bridged'*  directly  across  the  interrupter  and 
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serves  to  minimize  the  spark  or  arc  caused  by  the  opening  of  the 
contacts.    The  condenser  is  sometimes  combined  with  the  coil. 

Details  of  Typical  Distribtiior.  Apart  from  slight  variations  in 
detail,  the  following  description  of  the  distributor  is  typical  of  all 
magneto  distributors.  At  its  right-hand  end,  the  armature  shaft, 
Fig.  81,  carries  the  steel  pinion  P,  which  meshes  with  the  bronze 
gear  Q  having  twice  the  number  of  teeth.  Rigidly  mounted  in  the 
bronze  dbtributor  gear  Q  is  a  carbon  brush  U  carried  in  the  holder 
T.  This  brush  is  pressed  by  its  spring  against  the  inner  surface  of 
the  insulating  cover  of  the  distributor  W,  in  which  are  embedded  a 
central  contact  block  X  and  four  or  six  (according  to  the  number 
of  cylinders)  contact  blocks  YY,  equally  spaced  about  a  circle. 
At  their  outer  ends  these  contact  blocks  carry  terminals  for  the 
attachment  of  the  high-tension  cables.  As  the  distributor  revolves 
it  makes  contact  with  the  central  block  X  and  all  of  the  blocks  YY 
in  succession. 

Since  the  distributor  gear  Q  has  twice  as  many  teeth  as  the 
armature  pinion,  it  makes  but  one  revolution  for  every  two  turns 
of  the  crankshaft  (four-cylinder  motor)  and  of  the  armature,  the 
latter  being  driven  at  crankshaft  speed.  As  the  four-cylinder 
motor  fires  only  twice  per  revolution,  it  is  only  necessary  for  the 
distributor  to  make  one  complete  turn  for  every  two  revolutions 
of  the  crankshaft.  The  distributor  is  so  geared  to  the  armature 
shaft  that  it  operates  synchronously  with  the  interrupter,  i.e.,  when- 
ever the  contacts  of  the  latter  separate  to  open  the  magneto  armature 
circuit  and  permit  the  current  to  flow  through  the  primary  of  the 
coil,  the  brush  U  is  on  one  of  the  contact  blocks  Y.  The  exact 
moment  of  opening  is  governed  by  the  setting  of  the  timing  lever, 
but  the  distributor  brush  U  is  made  of  sufficient  width  to  cover 
the  contact  block  throughout  the  whole  timing  range.  A  feature 
of  this  model  of  the  Remy  magneto  is  the  timing  button  Z  fitted 
into  the  distributor  cover,  to  facilitate  the  adjustment  of  the  timing 
of  the  magneto  to  the  motor.  Most  magnetos  have  to  be  discon- 
nected from  the  driving  shaft  to  accomplish  this.  This  button  is 
normally  held  out  by  its  coil  spring.  If  the  button  is  pressed  in  and 
the  armature  shaft  is  then  turned,  the  plunger  of  the  button  will 
drop  into  a  recess  in  the  distributor  gear.  Then  the  engine  must 
be  turned  over  by  hand  until  the  piston  of  cylinder  No.  1  is  exactly 
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at  the  upper  dead-center  position  at  the  beginning  of  the  powe 
stroke,  and  while  the  crankshaft  of  the  engine  and  the  armatui 
shaft  of  the  magneto  are  in  these  relative  portions,  the  magnet 
dri^'ing  gears  must  be  meshed  and  the  magneto  gear  secured  on  tb 
tapered  end  of  the  armature  shaft  by  means  of  a  Woodruff  ke 
which  is  held  in  place  by  a  bushing  and  nut,  as  shown  In  the  so 
tional  view,  Fig.  82. 

Typical  Wiring  Diagram.  Fig.  83  is  a  wiring  diagram  of 
typical  dual-ignition  system  that  illustrates  the  connections  i 
greater  detail  than  in  the  case  of  the  Bosch  system.     The  switc 
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shtwii  just  below  tlif  iii<iiictitm  foil  has  three  positions:  "OFF 
(.■(■iitrjil);  ■■liATTEHY"  (left);  and  "MAGNETO"  (right).  WTie 
tlic  switch  is  on  the  BATTERY  contact,  the  current  flows  from  tl 
l>;ittery  tliniiif^h  tlic  switt-li  and  the  primary  winding  of  the  coQ  t 
the  intfrniptrr,  mul  compk'tcs  the  circuit  by  means  of  the  groun 
conii('(ti(in  of  the  latter  and  the  cull.  The  secondary  current  i 
distrilmtcd  in  cxiittly  flu-  sunic  nutinKT  as  when  the  armature  ( 
tilt!  inapicto  is  snpplying  the  loiv-tciision  current.  As  the  intei 
rii|)tcr  lias  its  contacts  clos<.fI,  cNccpt  for  tin.-  momentary  break  whei 
the  spark  occiirs,  its  deinami  upon  the  battery  is  lai^,  so  that  th 
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switch  should  immediately  be  shifted  to  MAGNETO  as  soon  as  the 
engine  starts.  Otherwise  a  dry-cell  battery  will  be  exhausted  in  a 
comparatively  short  time,  or  an  unnecessary  drain  will  be  made 
from  the  storage  battery  where  the  latter  b  employed  for  starting. 

Duplex  I{nitloa  System.  This  b  designed  to  facilitate  the 
starting  of  the  motor  by  utilizing  the  current  from  a  battery  as  well 
as  that  from  the  magneto  when  cranking  to  start.  To  throw  the 
battery  current  in  phase  with  that  of  the  magneto,  it  having  pre- 
viously been  stepped  up  to  high  tension  through  a  coil  on  the  dash,  a 
commutator  is  fitted  to  the  magneto  shaft.    The  magneto  is  of  the 
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true  high-tension  or  independent  type,  and  by  means  of  this  com- 
mutator the  flow  of  battery  current  is  in  the  same  direction  as  the 
flow  of  magneto  current,  a  change  in  the  direction  of  one  (alternating 
current  as  generated  by  the  magneto)  is  accompanied  by  a  change  in 
the  direction  of  the  other,  and  they  are  said  to  be  "in  phase,"  i.e., 
the  cycles  of  alternation  correqxHid  in  both.  To  accomplish  this  the 
battery  current's  polarity  must  be  the  same  as  that  of  the  magneto 
and  the  battery  must  not  be  grounded,  as  shown  by  the  wiring 
diagram,  Fig.  84.  The  necessity  for  usuig  the  battery  current  to 
supplement  that  of  the  magneto  exbts  only  at  very  low  cranking 
speeds,  and  the  as^stance  of  the  battery  is  no  longer  needed  once 
the  en^e  starts.    This  type  is  not  in  general  use. 
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Double-Spark  Ignition.    Mention  has  already  been  made 
the    employment    of    two    sparks    occurring    simultaneously 


the  (■,\!iiuler3  imder  the  head 
evident  tliiit  simply  by  adding 
another  distributor  to  a  magneto 
and  takinf;  leads  from  it  to  a 
second  set  of  pings  placed  at 
another  point  in  the  cylinders, 
preferably  as  fur  away  from  the 
first  as  possilile,  the  same  result 
is  accomplished.  Fig.  85  shows 
a  Rcmy  two-.spurk  magneto, 
the  distribntors  being  mounted 
at  o|>posite  ends  of  the  field. 


of    "Series    Plugs".     It    will 
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Ford  Magneto.  Tlic  Ford  magneto  is  sui  generis,  WTiat  1 
patent  hnvycrs  term  the  "prior  art"  shows  nothing  even  vagU' 
resend>liiig   it   iiud   no   ignition  current  generator  used  on  at) 
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AmericaQ  or  foreign  cars,  past  or  present,  can  lay  claim  to  any  family 
ties.  Not  that  its  principles  differ  in  any  way,  but  their  application 
is  very  unusual,  and  as  this  magneto  is  now  employed  on  more 


F!s.  ST.     Ford  Mtauato  u  InatoEled 


than  a  million  cars,  it  is  of  particular  interest.  Instead  of  the  two  or 
three  horseshoe  permanent  magnets  employed  on  the  ordinary  mag- 
neto, the  Ford  has  sixteen  magnets  arranged  radially  with  their 
poles  outward,  and  all  are  bolted  directly  to  the  flywheel,  as  shown  in 
Fig.  86.     Directly  in  front  of  them  and  separated  by  a  very  small 


Fie  SS.     Co] 


clearance  are  sixteen  coils,  wound  of  copper  strip  or  ribbon  and 
attached  to  a  spider  which  is  bolted  to  the  crankcase  of  the  motor 
just  forward  of  the  flywheel,  as  shown  by  Fig.  87.    The  spider  itself 


126 


ELECTRICAL  EQUIPMENT 


and  the  coils  are  illu3trated  by  Fig.  88,  which  shows  one  of  the  coils 
partly  imwound  at  E,  The  spider  and  its  coils  remain  stationary 
while  the  magnets  are  rotated  in  close  proximity  to  them  at  high 
speed  by  the  flywheel,  thus  inducing  a  current  in  the  coil  windings. 
The  current  is  taken  from  the  collector  ring  5,  through  the  single 
brush  C,  the  other  side  of  the  magneto  circuit  being  grounded. 
Fig.  89  shoi;^^  the  complete  ignition  system  as  installed  on  the  motor. 
The  magneto  coils  are  shown  marked  "generator";  at  its  upper 
center  is  the  collecting  brush  mentioned,  connected  to  the  four-unit 
coil,  which  in  practice  is  mounted  on  the  dash.    From  the  coil,  four 


Hmm^u 


Fig.  89.     Wiring  Diagram  for  Ford  Ignition  System 
Courteay  of  "The  Iloraelesa  Age" 

primary  connections  are  made  to  the  low-tension  timer  mounted  at 
the  forward  end  of  the  motor  and  driven  from  the  camshaft,  and  the 
four  high-tension  cables  for  tlie  spark  plugs  will  be  noted  just  below 
the  primary  connections.  The  other  two  binding  posts  on  the  back 
of  tlie  coil  are  for  the  current  from  the  magneto  and  the  ground  con- 
nection. While  a  batterv  is  ordinarily  fitted  in  addition  to  facilitate 
starting,  this  can  be  accomplished  on  the  magneto  alone,  as  the  latter 
is  very  powerful.  Complete  details  of  this  system  are  taken  up  in 
the  article  on  Ford  Cars,  Part  II. 

Testing  Spark  by  Means  of  Neon  Qas.    The  spark  **C"  tester 
consists  of  a  hard  rubber  case  about  7  inches  long  and  f  inch  in 
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diameter,  pointed  at  one  end  like  a  pencil.  In  the  side  of  the  case 
is  a  small  slot  or  window  through  which  can  be  seen  the  small  glass 
indicator  tube,  which  contains  neon  gas.  A  wire  is  sealed  in  one  end 
of  this  tube  and  is  soldered  to  the  brass  nose-piece  at  the  pointed  end 
of  the  case.  A  second  wire,  sealed  in  the  other  end  of  the  tube,  is 
connected  to  a  piece  of  copper  foil,  rolled  up  and  placed  in  the  other 
end  of  the  case.  Ordinary  air  is  composed  of  approximately  79  per 
cent  nitrogen,  20  per  cent  oxygen,  and  1  per  cent  of  rare  gases  such 
as  argon,  xenon,  krypton,  helium,  and  neon  gas.  Neon  gas  is  one  of 
the  rare  gases  of  the  air  which  offers  little  resistance  to  the  passage 
of  an  electric  current,  provided  it  is  pure. 

This  gas  has  a  peculiar  property  of  glowing  bright  orange  red 
when  a  very  small  amount  of  electricity  passes  through  it.  There 
is  1  cubic  foot  of  neon  gas  in  about  80,000  cubic  feet  of  air.  This 
rare  gas  is  extracted  from  the  air  during  the  process  of  making 
liquid  air.  As  neon  and  helium  do  not  readily  liquefy  they  are 
left  in  the  gaseous  state  after  which  they  are  separated.  The  neon 
gas  is  then  purified  to  be  used  in  the  spark  testers. 

The  neon  tube  is  especially  useful  in  testing  high  tension  cir- 
cuits of  the  automobile.  If  the  point  of  the  instrument  is  placed 
on  the  terminal  of  the  spark  plug  and  no  light  appears  in  the  window, 
it  indicates  that  the  line  is  open  or  the  plug  is  shorted.  This  means  / 
that  there  is  no  voltage  available  to  force  the  current  through  the 
neon  gas  into  the  condenser  in  the  tube.  This  may  be  due  either 
to  a  broken  wire  or  connection  somewhere  or  to  a  short  circuit  in 
the  plug,  the  latter  allowing  the  current  to  pass  so  readily  that  it 
has  no  tendency  to  take  the  more  diflScult  course  through  the  neon 
gas. 

If  there  is  a  dim  light  in  the  window  it  indicates  a  faulty  plug 
or  wiring,  meaning  that  the  current  is  finding  too  easy  a  path  to 
the  ground  and  is  not  giving  a  hot  spark  in  the  cylinder.  It  may 
be  due  to  the  points  of  the  spark  plug  being  too  close  together,  to 
poor  compression,  or  to  poor  insulation  on  the  cables. 

When  a  medium  light  shows  in  the  window  it  indicates  that 
the  spark  plug  is  working  properly.  If  the  light  is  very  bright, 
it  indicates  that  the  spark-plug  gap  is  too  wide,  causing  greater 
resistance  in  the  secondary  circuit  than  is  necessary. 

The  Westinghouse  uses  the  above  construction  in  their  spark 
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and  the  coils  are  illustrated  by  Fig.  88,  which  shows  one  of  the  coi 
partly  unwound  at  E.  The  spider  and  its  coils  remain  stationai 
while  the  magnets  are  rotated  in  close  proximity  to  them  at  hij 
speed  by  the  flj'wheel,  thus  inducing  a  current  in  the  coil  winding 
The  current  is  taken  from  the  collector  ring  5,  through  the  sing 
brush  C,  the  other  side  of  the  magneto  circuit  being  grounde 
Fig.  89  shows  the  complete  ignition  system  as  installed  on  the  mote 
The  magneto  coils  are  shown  marked  "generator*';  at  its  upp 
center  is  the  collecting  brush  mentioned,  connected  to  the  four-ur 
coil,  which  in  practice  is  mounted  on  the  dash.     From  the  coil,  foi 


Fig.  80.     Wiring  Diagram  for  Ford  Ignition  System 
CourU-My  of  "The  HorselesM  Age'* 

priiujiry  coiimctions  art'  made  to  the  low--tension  timer  mounted  \ 
the  I'orwanl  v\u\  of  the  motor  and  driven  from  the  camshaft,  and  tl 
four  higll-ten^ioll  cables  for  the  spark  plugs  will  be  noted  just  belc 
tlie  ])rimary  conneetions.  The  other  two  binding  posts  on  the  bat 
of  the  coil  are  for  tlie  current  from  the  magneto  and  the  ground  co 
nection.  Wliile  a  battery  is  ordinarily  fitted  in  addition  to  facilita 
starting,  this  can  be  accomplislied  on  the  magneto  alone,  as  the  latt 
is  very  powerful.  Coinph^te  details  of  this  system  are  taken  up 
the  article  on  Ford  Cars,  Tart  II. 

Testing  Spark  by  Means  of  Neon  Qas.    The  spark  **C'*  testi 
consists  of  a  hard  rubber  case  about  7  inches  long  and  }  inch  i 
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diameter,  pointed  at  one  end  like  a  pencil.  In  the  side  of  the  case 
is  a  small  slot  or  window  through  which  can  be  seen  the  small  glass 
indicator  tube,  which  contains  neon  gas.  A  wire  is  sealed  in  one  end 
of  this  tube  and  is  soldered  to  the  brass  nose-piece  at  the  pointed  end 
of  the  case.  A  second  wire,  sealed  in  the  other  end  of  the  tube,  is 
connected  to  a  piece  of  copper  foil,  rolled  up  and  placed  in  the  other 
end  of  the  case.  Ordinary  air  is  composed  of  approximately  79  per 
(■cnt  nitn)gen,  20  per  cent  oxygen,  and  1  per  cent  of  rare  ^ases  such 
as  arpm,  xenon,  kr^Titon,  helium,  and  neon  gas.  Neon  gas  is  one  of 
the  rare  gases  of  the  air  which  offers  little  resistance  to  the  passage 
of  an  electric  current,  provided  it  is  pure. 

This  gas  has  a  peculiar  property  of  glowing  bright  orange  red 
when  a  very  small  amount  of  electricity  passes  through  it.  There 
is  1  cubic  foot  of  neon  gas  in  about  80,000  cubic  feet  of  air.  This 
rare  gas  is  extracted  from  the  air  during  the  process  of  making 
liquid  air.  As  neon  and  helium  do  not  readily  liquefy  they  are 
left  in  the  gaseous  state  after  which  they  are  separated.  The  neon 
fnis  is  then  purified  to  be  used  in  the  spark  testers. 

The  neon  tube  is  espedally  useful  in  testing  high  tension  cir- 
<-iiits  of  the  automobile.  If  the  point  of  the  instrument  is  placed 
on  the  terminal  of  the  spark  plug  and  no  light  appears  in  the  window. 
it  indicates  that  the  line  is  open  or  the  plug  is  shorted.  This  means  ■ 
that  there  is  no  voltage  available  to  force  the  current  through  the 
neon  g«s  into  the  condenser  in  the  tube.     This  may  be  due  cither 
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**("*  tester,  Fig.  00,  «aiid  it  is  fast  becoming  a  modem  way  of  tesdni 
ignition  systems  quickly. 

The  spark  *'C''  tester  cannot  he  used  for  tracing  out  or  tHtini 
ordinary  lighting  circuits  because  the  voltages  are  not  high  CBOigl 
to  cause  the  tube  to  glow.  In  its  present  form  it  should  ii09Cr  h 
used  for  testing  high  voltage  power  circuits. 

Misfiring,  Irregular  firing  can  be  traced  most  frequco^ti 
the  tinier  and  will  be  caused  either  by  a  lack  of  oil  or  an  accumoMioi 
of  dirt;  with  the  timer  in  good  condition,  misfiring  will  mostdhfl 
l)c  due  to  a  lack  of  uniformity  in  the  adjustment  of  the  vibnitBB 
or  to  worn  and  pitted  vibrator  contacts.  With  the  motor  mmiiK 
the  \ihrator  adjustment  screws  should  be  turned  up  or  dowitiwq 


Vn:.  Mn.      Thi-.  sh.»wM  Spiirk  "C"  in  Thp,  alao  Sizp  nf  the  Tester 


>io\\ly  until  Jill  four  cyliiKkTs  fire  uniformly.  InstructiQiiS< 
tjikin;:  rnvv  iA'  the  vihraTor  points  are  given  in  detail  in  comiQclfi 
witli  the  (l^•«^(TiI^tioll  of  hatttTv  cut-outs  and  circuit  brealuilBl 
Part  ill,  Startitii:  ami  Li^Mitiiii,^  Systems.  Failure  to  fire  is 
i\\\r  to  lack  of  coiitat-t  at  the  collector  brush  on  the  magneto.  J 
timer  i>  <^o  located  tliat  the  primary  cables  g(.»t  the  full  benefit 
oil  and  ilirt,  while  iT>.  movement  to  advance  or  retard  the  ij^ 
also  apt  to  abradt*  tlu-  in<^iilatioii  from  these  wires  close  to  the 
so  that  irrc^nilar  iiriiiir  may  al-o  be  «liie  to  this  cause.  O 
wiring  rei>lacemeiil>  ma>  be  luid  jil  ^iieh  low  cost  that  when 
cable>  become  oil  >naked  and  their  in^nlation  worn,  the  easiest  wajrli 
correct  trouble^  from  tlii-  <nnrci'  i<  to  install  a  new  st»t  of  Cf)nnect^o^^ 
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SPARK  TIMING 
Effect  of  Irregular  Sparking.  Like  a  steam  engine,  an  internal 
combustion  motor  depends  for  its  power  output  on  the  mean  effec- 
tive pressure  developed  in  the  cylinder,  usually  referred  to  as  its 
m.e.p.  This  is  affected  directly  by  three  factors: /rai,  the  initial 
compressioD  of  the  charge,  that  is,  the  pressure  to  which  the  piston 
compresses  the  gaseous  mixture  on  its  upward  or  compression  stroke 
just  before  firing;  second,  the  time  at  which  the  charge  is  ignited; 
and  third,  the  length  of  the  stroke.  It  b  with  the  second  factor 
alone  that  this  phase  of  the  ignition  problem  is  concerned.  In  con- 
trast vith  the  steam  engine  in  which  the  steam  as  admitted  Is  at  a 
comparatively  low  pressure  and  expands  gradually  throughout  the 
stroke,  the  pressure  developed  in  the  internal  combustion  motor  at 
the  moment  of  ignition  is  tremendous,  but  it  falls  off  very  rapidly. 
The  impulse  ^ven  the  piston  is  more  in  the  form  of  a  sharp  blow 
than  a  steady  push,  as  with  steam.  The  mean  effective  pressure 
developed  depends  very  largely  upon  the  pressure  reached  at  the 
moment  of  explosion  and  this  in  turn  depends  upon  the  time  ignition 
occurs  with  relation  to  the  stroke.  As  the  speed  of  an  automobile 
motor  varies  over  a  wide  range,  it  will  be  apparent  that  means  must 
be  employed  for  varying  the  time  of  explosion.  To  be  most  efficient 
it  must  occur  at  the  point  of  maximum  compression,  i.e.,  when  the 
piston  is  exactiy  at  the  upper  dead  center  on  the  compression  stroke. 
As  both  a  mechanical  and  an  electrical  lag,  or  delay,  must  be  cum- 
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for  the  necessity  of  this  will  make  plain  the  car  maker's  often  repeated 
injunction  to  the  novice — never  to  drive  with  the  spark  retarded. 
Another  and  equally  important  reason  is  that  when  operated  this 
way,  the  combustion  is  incomplete,  the  gas  continues  to  burn  through- 
out the  stroke,  and  a  greatly  increased  percentage  of  its  heat  has  to 
be  absorbed  by  the  water  jackets,  causing  the  motor  to  overheat 
badly. 

Adjusting  for  Time  Factor  of  Coil.  Every  induction  coil  has  a 
certain  time  constant,  which  represents  the  period  necessary  to  com- 
pletely charge  the  coil,  that  is,  the  time  required  for  the  current  in 
the  primary  winding  to  attain  its  maximum  value.  This  time  con- 
stant depends  very  largely  upon  the  amount  of  magnetic  energ>' 
which  can  be  stored  up  in  the  coil.  There  must  be  added  to  this  the 
time  required  to  overcome  the  inertia  of  moving  parts,  such  as  the 
timer  and  the  vibrators  of  a  high-tension  battery  system,  or  the 
contact  breaker  and  the  distributor  in  a  magneto  high-tension 
system.  As  these  parts  are  very  small  and  light  this  would  be 
practically  negligible  for  any  other  purpose,  but  when  figuring  in 
hundredtlis  of  a  second,  as  in  the  case  of  the  ignition  timing  of  high- 
speed multi-cylinder  motors,  it  becomes  of  importance.  The  object 
sought,  as  already  mentioned,  is  to  have  the  spark  always  occur  at 
the  point  of  maximum  compression.  To  accomplish  this  with  the 
motor  running  at  high  speed,  the  ignition  devices  must  act  while 
the  piston  is  still  an  appreciable  distance  below  upper  dead  center. 
The  timer  in  the  case  of  a  battery  system,  or  the  contact  breaker  of 
a  magneto,  is  accordingly  mounted  so  that  it  can  be  turned  through 
part  of  a  revolution  with  relation  to  its  driving  shaft,  or  more  par- 
ticularly the  cam  carried  by  the  latter.  For  starting  the  motor  by 
hand,  the  spark  must  occur  either  at  or  after  upper  dead  center  is 
reached,  never  before.  In  the  latter  case,  the  piston  would  be 
driven  backward  and  the  familiar  "back  kick"  result.  Hence  the 
manufacturer's  admonition — always  retard  the  spark  fully  before 
attempting  to  crank  the  motor. 

Calculation  of  Small  Time  Allowance,  The  relation  of  spaik 
advance  in  degrees  to  piston  travel  in  inches  with  motors  having 
strokes  running  from  3  to  8  inches  is  shown  by  the  accompanying 
chart,  Fig.  91.  In  this  the  ratio  between  the  crank  and  the  connect- 
ing rod  length  is  1  to  4.5.    The  lettering  shown  indicates  the  method 
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13X 


of  using  the  chart,  the  problem  being  to  find  the  piston  travel  for  aa 
advance  of  30  degrees  in  a  motor  of  6-inch  stroke.  The  vertical  line 
a,  corresponding  to  this  stroke,  is  traced  upward  until  it  intersects  the 
30-degree  line  at  c;  following  the  latter  to  the  left  brings  it  out  at  a 
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Fl|.  91,     RelktioD  of  SpMk  Advuee  to  Pialon  Tnvel  (Boach) 

point  just  below  the  ^-inch  division,  or  approximately  .46  inch. 
Assuming  that  the  6-inch  stroke  motor  were  running  at  1800  r.p-m., 
its  pistons  would  be  traveling  1800  feet  per  minute  (i.e.,  stroke 
doubled  or  1  foot  per  revolution),  30  feet,  or  360  inches  per  second, 


132 


ELECTRICAL  EQUIPMENT 


so  that  each  inch  of  the  stroke  would  be  covered  at  an  aveng 
speed  of  1  inch  in  ^^  of  a  second,  and  the  )  inch  in  7^  of  a  second 
from  which  the  necessity  for  a  timing  allowance  will  be  apparent 
Magneto  Timing.  Timing  is  usually  30  to  40  degrees,  whic 
means  that  the  spark  occurrence  can  be  advanced  or  retarded  half  tha 
distance  from  a  neutral  line  representing  the  upper  dead  center  pes: 
tion  of  the  piston.  As  shown  by  Fig.  92,  the  allowance  is  34  degre* 
in  the  Splitdorf  magneto,  "left"  and  "right"  in  this  connection  havin 


Fie    i>2      MfiIiikJ  of  Ailvinrioi  inil  ReUidiDC  Bpuk,  8[iUldat  MicDcto 

rcftTtru.-  ic)  the  ilirfctiim  in  which  the  magneto  armature  is  drivei 
Tlic  iKii'^siTy  (if  jmivuliiij;  this  allowance,  however,  introduces 
coiuplicatiiij^  factiir  in  niagucti)  design. 

.As  tlic  ti[iiiiifj  of  the  spark  is  accomplished  by  opening  th 
foiitait  jxiints  nf  tlic  iritiTnijiter  earlier  or  later,  it  will  be  apparen 
tliiit  as  t  III'  itiaj^iiotic  fi<'lil  remains  stationary  in  the  ordinary  magnetc 
the  relative  jmsitioiis  of  the  armature  and  field  vary.  This  is  illus 
tratei!  hy  the  sketch,  Fi;;.  !»:;,  the  lel't-liuiwl  member  of  which  show 
the  ]>iisitiiin  nf  the  jiniiatiire  with  mlmiiad  spark.  This  is  the  pmn 
at  which  the  eiirrciit  iiiiii  v..lta};e  jtre  at  their  maximum,  so  that  thi 
mcist  cflicieut  spark  is  prtHhieeil  jit  t!ie  plugs.  With  the  spar! 
retardeil,  tiie  arinatitre  has  iilready  liad  time  to  turn  practically  odc 
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eighth  of  a  revolution  and  the  poiot  of  maximuio  intensity  bos  been 
passed.  While  this  is  a  factor  of  which  much  is  usually  made'in 
sales  literature,  it  is  cot  so  unportact  as  the  theory  of  the  matter 
would  make  it  appear,  since  the  spark  is  seldom  retarded  except  for 
starting.    With  the  modem  high-speed  engine  there  is  rarely  sufficient 


slowing  down  in  hiU-climbing  to  make  it  necessary  to  retard  the  spark, 
while  gear-changing  at  the  proper  time  further  makes  this  unnecea- 
sar>',  so  that  practically  all  the  time  it  is  in  3er\'ice,  the  magneto 
is  operating  under  the  most  efficient  conditions.  The  great  ditTerence 
in  the  positions  of  the  magneto  armature  between  the  advanced 
and  the  retarded  points  oi  the 
spark  timiuf;  show  why  it  b  diffi- 
cult to   (Tank   a   motor   by  hai 
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leeway  for  variation  one  way  or  the  other,  if  the  greatest  current 
value  is  to  be  utilized. 

Analysis  of  OscUlograph  Diagrams.  In  the  oscillograph,  the 
dotted  vertical  line  at  the  left  represents  the  moment  of  closing  the 
primary  circuit,  the  current  then  beginning  to  increase  gradually  in 
value.  The  resistance  of  this  circuit  is  such  that  the  current  would 
attain  a  value  of  5  amperes,  if  the  circuit  remained  closed  long 
enough.  However,  when  the  current  has  attained  a  value  of  4 
amperes,  the  circuit  is  broken  by  the  vibrator  (battery  and  coil 
system)  and  the  current  then  falls  off  very  rapidly.  It  will  be  noted 
that  there  is  no  current  in  the  secondary  circuit  while  the  primary 
is  attaining  its  full  value,  which  is  due  to  the  fact  that  the  e.m.f. 


r 


-X- 


^  Igrfilfr  Lo^ 


K 


K 


-7-,035ecr 


Fig.  95.     OscUlograph  Diagram  of  Primary  azid  Secondary  Currenta 

{HortdeMS  Age) 

induced  in  the  secondary  during  this  period  is  not  sufficient  to 
break  down  the  resistance  of  the  air  gap  in  the  spark  plug.  The 
spark  occurs  when  the  primary  circuit  is  broken,  and  it  is  interesting 
to  note  that  it  attains  its  maximum  value  instantly,  this  having  been 
confirmed  by  numerous  oscillograph  tests.  The  right-hand  dotted 
line  represents  the  moment  the  primary  circuit  is  broken  by  the  timer. 
With  a  vibrator  coil  a  series  of  sparks  is  produced,  as  compared  with 
the  single  spark  of  the  magneto,  but  these  are  of  no  advantage  except 
at  low  speeds,  as  when  running  at  full  speed,  if  the  first  spark  fails 
to  ignite  the  charge,  it  is  already  too  late  by  the  time  the  second 
occurs. 

Oscillograph  diagrams  taken  of  the  current  and  voltage  of  a  mag- 
neto show  that  both  rise  to  a  sharp  peak,  first  in  one  direction  and  tb^ 
in  the  reverse,  as  the  current  is  alternating.     As  the  oscillograph  illus- 
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trated  shows  that  only  the  peak,  or  maximum,  value  of  the  current  in 
the  primary  of  the  coil  can  be  utilized  for  producing  a  strong  induced 
current  in  the  secondary,  so  the  peak  of  the  magneto  current  must  be 
taken  advantage  of  to  produce  the  most  effident  spark.  This  point 
of  maximum  current  value  in  the  revolution  of  the  armature  occurs 
when  it  is  cutting  the  greatest  number  of  magnetic  lines  of  force  of 
the  pennanent  magnetic  field,  which  is  when  it  is  just  about  to  pass 
from  the  influence  of  one  set  of  poles  into  that  of  the  ether,  as  shown 


Tie.  96.     M»  MicDdto  in  Tniaoion  Moimtins 


in  the  section.  Fig.  94.  This  also  shows  the  relative  positions  of  full 
advance  and  full  retard  and  is  designed  to  illustrate  the  advantages 
obtained  with  the  patent  extended  pole  pieces  of  the  Simms  mag- 
neto, most  magnetos  having  the  upper  and  lower  faces  of  both  poles 
in  the  same  plane. 

ilea  Method  of  Advamntig  Spark.  Doubtless  the  most  ingenious 
method  of  taking  care  of  the  necessity  for  advancing  the  spark  has 
been  developed  in  the  Mea  magneto,  shown  in  Fig.  96.  Instead  of 
being  of  horseshoe  form,  as  in  the  Bosch  and  Nilmelior  magnetos, 
shown  in  Figs.  97  and  98,  it  is  bell-shaped,  as  shown  in  Fig.  99. 
The  entire  magneto  b  carried  in  a  trunnion  mounting  so  that  the 
field  magnets  may  he  turned  to  the  same  extent  that  the  contact 
breaker  is  moved  to  give  the  necessary  advance,  thus  insuring  that 
the  circuit  will  be  broken  with  the  armature  in  the  same  relative 
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position  to  the  field  poles,  whicli  is  naturany  that  of  i 
current  value. 

The  method  of  accomplishing  this  is  shown  in  Fig.  100,  whici 
illustrates  the  relative  positions  of  the  armature  and  field  magnet 
at  the  advanced  and  retarded  sparking  points  to  be  the  same,  sine 
the  entire  magnetic  field  is  partly  revolved  about  the  armature 
This  movement  is  against  th< 
direction  of  rotation  of  th< 
armature  when  advancini 
the  spark,  and  with  it  whei 
retarding  the  timing  of  thi 
ignition,  the  iltustratiot 
showing  a  magneto  arrange( 
to  be  driven  clockwise.  Fig 
101  illustrates  the  position  o 
the  fields  when  looking  at  tht 
driven  end  of  the  magneu 
for  advanced  and  retardec 
spark  in  both  the  clockwist 
and  an<t-cIocJ^ime  types.  Th« 
range  of  timing  varies  from 
55  degrees  to  70  degrees  ii 
the  various  models;  and  t 
specialty  long  range  totaling 
90  degrees  to  100  degree 
can  be  provided,  if  neces- 
sary, by  increasing  the  over 
all  height  of  the  magneto,  a; 
the  shaft  must  be  supportec 
higher  in  the  trunnions  tc 
permit  of  this.  Among  thf 
advantages  of  thb  method 
of  ignition  timing  are  ease 
of  starting  without  a  bat- 
tery, quick  acceleration,  and 
a  uniformly  efficient  spark 
at  all  positions  of  the  qiarit' 
ing  lever. 


ELECTRICAL  EQUIPMENT 


137 


Magneto  Speeds.  As  the  revoIutioD  of  the  armature  of  the 
igneto  always  bears  a  definitely  fixed  relation  to  that  of  the  crank- 
lit  of  the  engine,  it  will  be 
parent  that  the  speed  at 
lich  the  magneto  is  driven 
II  depend  upon  the  number 

cylinders  to  be  fired,  as 
-II  as  upon  the  relation  of 
e  cylinders  to  one  another, 
.,  firing  180  degrees  or  360 
grees  a  part,  as  measured 

the  crankshaft.    The  fol- 
ving  are  the  various  magneto  speeds  required  for  engines  of  the 
ir-tjcle  tj^pe  having  from  one  to  twelve  cylinders : 
fvliniler:    Either  erankshnft  or  camBhoft  speed 
cylioder:    (ImpulBM  360°  apart,  as  in  2-cylinder  opposed  motor)  camshaft 

cylinder:  (Impulaes    alternately    at   180",    with   540°  intervals,  as    in  the 

2-rylinder  V-type  motor)  camahaft  (tpeed 

rylindcr:  Three-fourtha  crankshaft  speed 

rylindi-r:  Crankshaft  speed 

f'vlinder:  One  and  one-half  times  crankshaft  speed 

i~yhn(lrr:  Twire  crankshaft  speed 

-cyhnder:  Thrtre  timea  eraukahaft  speed 

Owing  to  the  extremely  high  speeds  necessary,  the  modern 
ttery  t>-pe  of  ignition  is  favored  to  a  great  extent  on  eight-  and 
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The  magneto  speeds  necessary  on  two-cycle  motors  are  twice 
those  given  above  for  the  corresponding  four-cycle  t^'pes,  wdth  the 
exception  that,  on  the  2-cylinder  180-degree  or  V-type  motor,  crank- 
shaft speed  would  be  correct. 

Ignition»System  Fixed  Timing  Point  It  has  become  more  or 
less  general  practice  with  French  builders  to  provide  an  ignition 
system  having  a  fixed  timing  point,  i.e.,  one  that  cannot  be  con- 
trolled by  the  driver  through  the  usual  spark-advance  lever  as  found 
on  practically  all  American  pleasure  cars.    This  is  particubuly  the 


Position  I 


V\vL    101.     Spark   Advance  with   Meo   Magneto.    With 

(Mockwi.sf   In5truinont«,   Poeition   1    Supplies  Advanced 

Sp:irk,  Position  2  Retarded  Spark 

ciisc  witli  tiixicahs.  While  "fixed"  in  the  sense  that  they  are  not 
varial)l('  while  run^iIl^^  sueh  systems  have  two  firing  points,  one  of 
inaxinniin  adviiiice,  whieh  is  always  employed  when  the  motor  is  in 
operation,  and  the  other  of  inaxiinimi  retard  to  enable  the  driver 
to  crank  the  motor  without  danger  of  injury.  So-called  fixed-spark 
ignition  systems  have  come  into  very  general  use  abroad,  more 
espeeially  on  tin*  Continent,  hut  have  found  very  little  favor  here. 
Automatically  Timed  Systems.  The  stress  laid"  by  automohilt- 
inanufaeturers  on  their  instructions,  "always  retard  the  spark  before- 
eranking  the  motor"  and  "always  run  with  the  spark  advanced  a^ 
far  as  possihle,  except  when  necessary  to  retard  it  owing  to  the  motor 
slowing  down  on  hills  and  causing  a  hammering  noise  in  the  cylinders", 
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make  it  evident  that  there  is  a  considerable  amount  of  discretion  left 
in  the  driver's  hands  where  this  important  point  is  concerned.    It  is 


O-A  4  High-Teiuian  Micosto  8  bowinc  Spu-k  Ai 


not  desirable  that  this  should  be  exercised  by  unskilled  drivers, 
particularly  those  in  charge  of  large  and  costly  commercial  vehicles, 
and  automatically  timed  systems  have  accordingly  been  developed. 


F^.  103.    Euemum  G-A  4  Automatio  Spuk  Advuce  Mmgaets 


Eisemann  Centrifvyal-GovemoT    Type.    To  advance  the  spark 
timing  automatically,  a  centrifugal  governor  has  been  mounted  on 
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the  armature  shaft  in  the  Eisemann  magneto  of  this  type,  as  shown 
in  Fig.  102,  Nonnally,  the  weights  are  contracted  by  the  spring  ami 
the  contact  breaker  is  held  at  the  fully  retarded  position,  so  that  ii 
is  always  safe  to  crank  the  motor  without  the  necessity  of  taking 
any  precautions.  With  an  increase  in  speed,  these  weights  tend  to  £y 
apart  and  in  doing  so  they  draw  a  sleeve  and  with  it  tbe  armature 
along  the  shaft  with  them  toward  the  left>hand  end.  As  there  are 
two  helicoidal  ridges  on  the  shaft,  however,  and  splines  on  the  inner 
diameter  of  the  sleeve  engaging  than,  the  sleeve 
is  forced  to  make  a  partial  revolution  as  ii 
moves  along  the  shaft,  thus  automatical!.'' 
advancing  the  ignition  timing  in  accorduim^ 
with  the  speed.  The  contact  breaker  is  Iji 
fixed  relation  to  the  armature.  An  Eiseniniin 
magneto  fitted  with  the  automatic  timing  devitv 
'^"'  '^p'l^AdvSnw'""'''  is  shown  in  Fig.  103.  The  manufacturers  of  the 
Coup  ng  Eisemann  magnetos  make  the  claim  that  their 

^MM^^k  late-model  magnetos  are  constructed  with  waler- 

^HH^^Rl  ^  tight  dust-proof  joints,  so  that  rain,  water  leak-. 
^^^  KJk     etc.,  will  not  interfere  with  their  operation. 

f^l^^^U^H  Ilerz  BaJl-GovemoT  Type.     Another  metluxl 

^^Hf^^^^^l  of  accomplishing  the  same  end  is  the  Herz  auto- 
^^^^^^^H^V  matic  coupling,  shown  in  Figs.  104  and  l()5. 
^^^^^^H^^  This  consists  of  two  juxtaposed  disks,  each  of 
^^^^^^m  which  is  provided  with  five  grooves  running  in 

r. -  in-i  iT.Tf  \iiin.„j.r.c  '1  direction  opposite  to  those  of  the  other  disk. 
<  .:.iiiii[i;;  iM.i,\ii«i  j.-j^.j,  ^jj_.j,|  jjalls  are  held  in  these  grooves  and 
of  a  ginernor,  being  forced  outward  in  diret-t 
'd  iif  tlic  iiii>tor,thus  impartinga  twisting  move- 
tent  to  thi;  magneto  armature  with  relation  to  its  shaft.  The  device 
is  siipplicii  cither  iis  an  integral  part  of  the  magneto  or  as  an  independ- 
ent conpling.  Tlie  raii^^e  of  movement  is  40  degrees,  the  adjustment 
being  varied  by  altering  the  curve  of  the  grooves.  Fig,  106  shows 
the  Herz  uiagiieto.  In  llic  Kisein;iiiii,  spindles  having  grooved  slots 
of  several  ditTerent  pitches  are  siijiplicf i,  giving  from  19  to  60  degrees 
of  advance.  The  Atwater  Kent,  Connecticut,  and  Westinghouse 
ignition  systems  niny  also  he  liad  with  automatic  advance  operated 
by  a  centrifugal  govenmr. 
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■{iiitloD  Setting  Point  It  will  be  apparent  that  as  provision 
is  made  for  advancing  the  time  of  ignition  beyond  a  certain  point  as 
well  as  retarding  it  so  as  to  occur  before  that  point,  there  must  be 
what  may  be  termed  a  neutral  position.  This  is  usually  r^erred  to 
as  the  ignition  setting  point.  In  the  majority  of  instances,  this  is 
the  upper  dead  center,  particularly  where  a  magneto  is  employed. 
For  the  reason  that  it  is  possible  to  start  the  motor  by  handcranking 
on  the  magneto  with  the  time  of  ignition  advanced  very  much 
farther  than  would  be  safe  with  a  battery,  as  explained  in  another 


142 


ELECTRICAL  EQUIPMENT 


Where  a  battery  is  employed,  however,  it  is  customary  to  allow 
a  greater  range  of  timing  in  both  directions  with  a  late  spark  to  insure 
safety  in  starting,  particularly  by  handcranking.  The  relation  of 
the  ignition  distributor  of  a  battery  system  to  the  crankshaft  i: 
shown  in  Fig.  107,  which  illustrates  the  ignition  diagram  of  the  four- 
cylinder  Regal  Motor.  The  firing  order  in  this  case  is  1-  2-  4-  3,  anJ 
it  will  be  noted  that  the  ignition  setting  point  is  upper  dead  center. 


Hoth  tlie  iKiiition  and  tlie  valve  timing  of  practically  all  motors  built 
in  recent  \  oars  nijiy  be  clie<'ke(l  by  marks  on  the  flywheel.  A  corre- 
sponding mark  or  jM)iiitcr  on  the  crntikcaseisusedasacheckingpoiut. 
Fig.  107  sliows  tliat  wlicii  jiistim  No.  1  is  exactly  at  upper  dead 
center,  contiict  No.  1  of  the  distributor  is  under  the  brush  leading 
to  the  spark  phig  of  tliat  cylinder,  iiTid,  as  shown  by  the  center  lim. 
this  is  tlie  ignition  setting  point  for  that  motor.    As  the  distributa 
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turqa  in  a  clockwise  direction,  rotating  it  toward  the  right,  as  shown 
in  the  diagram,  retards  the  time  of  ignition,  while  turning  it  to  the 
left  advances  it.  The  interrupter  is  just  below  the  distributor  and 
while  its  battery,  ground,  and  distributor  cables  are  shown,  the  con- 
tacts themselves  are  not  illustrated. 

Upper  Dead  Center.  In  many  cases  it  is  no  longer  possible  to 
chei-k  the  ignition  timing  or  the  position  of  the  pistons  by  the  fly- 
wheel, as  the  latter  is  entirely  enclosed.  To  find  the  upper  dead 
center  of  the  piston  of  the  first  cylinder  it  is  accordingly  customary 
to  take  out  a  spark  plug  and  use  a  long  knitting  needle  or  similar 
piece  of  straight  wire.  While  an  assistant  turns  the  motor  over 
slowly  by  hand,  watch  the  valves  of  cylinder  No.  1.  When  the  inlet 
valve  of  this  cylinder  has  closed,  the  piston  is  traveling  upward  on 
the  compression  stroke  and  the  needle  will  rise.  It  must  be  borne 
in  mind,  however,  that  the  piston  is  not  actually  at  upper  dead 
center  for  ignition  purposes  when  the  needle  ceases  rising.  In  other 
words,  a  certain  part  of  the  revolution  of  the  crank  is  not  represented 
bj'  a  corresponding  movement  of  the  piston,  and  the  proportion  that 
this  bears  to  the  whole  revolution  naturally  increases  with  the  length 
of  the  stroke. 

The  starting  crank  should  accordingly  be  turned  until  the  needle 
actually  starts  downward  again  on  the  firing  stroke,  and  then  the 
motor  turned  backward  again  slightly  until  it  ceases  to  rise.  This 
may  be  done  by  putting  the  gear  lever  in  high,  engaging  the  clutch. 


if 

I 

I 

r 
I 


144 


ELECTRICAL  EQUIPMENT 


A/        A^       A^       A-* 


» 1 


J7 


m 

r-"» 

\ — ► 


I 


y 


DistnbsAor  £nd 


Magneto  Ri,nning  Clockwise 
nhng  Science  I,  JU.  JF.JT. 


* — 1 


Mognrlc  Running  Clockwise 
Finnq  Se^vence  /.  U.  17,  IS. 


I 


il]iijil]il 


\ 


\ 


Dtsl'-iU  I'cr  End 


4  ■    *«      A. J  .  •  &i 


Ki»s.    lO.S       I-'iriiu":  < 'ril<'r  >■(  I  imr-t  "yliinlfr  Mutur.-' 


at  just  the  right  momei 
Regardless  of  tlie  numh 
of  cylinders,  the  crar 
shaft  throws  are  alwa 
in  pairs.  Hence,  the  p 
tons  rise  and  fall  in  pai 
and  the  cylinders  of  th< 
pairs  (which  have  no  re 
tion  whatever  to  the  mei 
od  of  casting  the  cyl 
ders  themselves)  natura 
cannot  follow  each  otl 
in  firing,  the  firing  on: 
alternating  from  one  p 
to  the  other.  For  exai 
pie,  1-  3-  4-  2-  as  in  t 
upper  diagram  of  Fig.  It 
or  1-  2-  4-  3-  as  in  the  d 
gram  just  below  it,  t 
motors  in  both  th< 
instances  running  "clo< 
wise",  i.e.,  with  the  crar 
shaft  turning  from  left 
right.  A  similar  variati 
is  possible  with  the  nioi 
turning  "anti-cltK'kwis4 
or  from  right  to  left, 
shown  in  tlie  two  lower  d 
grams,  which  show  firi 
orders  of  1-  3-  4-  2-  and 
2-4-3-  the  changes  bei 
made  by  shifting  the  d 
tributor  connections  to  t 
spark  plugs  of  the  varid 
cylinders.  In  the  case 
a  high-tension  batte 
system  using  unit  coi 
the  timer  connections  J 
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varied  in  the  same  manner.  In  ax-cylinder  motors  the  crank  throws 
are  1 20  degrees  apart,  but  as  the  pistons  are  attached  in  pairs  to  cranks 
in  the  same  plane,  the  method  of  distributing  the  firing  order  among 
them  is  similar  to  that  already  given.  The  Bosch  dual  ignition 
system,  as  installed  on  the  six-cylinder  Wiaton,  is  a  typical  firing 
order  for  a  six.    As  shown  by  Fig.  109,  this  runs  1-5-3-6-  2-  4. 

Possible  Cooiblnations.  There  are  so  many  possible  firing 
orders  in  the  six-cylinder  motor  and  likewise  in  the  more  recent 
eight-cylinder  and  twelve-cylinder  motors  that  one  of  the  most 
puzzling  questions  ari^g  in  the  repair  shop  frequently  has  been 
to  determine  just  which  one  has  been  adopted  by  the  maaufac- 
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For  the  V-type  eight-cylinder  motor,  the  possible  firing  orders 
are  as  follows: 

<i)    IR  IL  2R  2L  4R  4L  3R  3L  (m)   IR  IL  3R  2L  4R  4L  2R  3L 

(i)    IR  IL  3R  3L  4R  4L  2R  2L  (n)    IR  IL  2R  3L  4R  4L  3R  2L 

(k)   IR  4L  2R  3L  4R  IL  3R  2L  (o)    IR  4L  2R  3L  4R  IL  3R  3L 

(I)    IR  4L  3R  2L  4R  IL  3R  it  (p)    IR  4L  2R  3L  4R  IL  2R  2L 

As  the  last  four  mentioned  involve  different  firing  orders  in 
each  set  of  four  cylinders,  they  need  not  be  considered.     With  the 
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rocker-arm  t,\pe  of  val\e  lifters  using  only  eight  cams,  as  in  tbe 
De  Dion  (French,  and  the  first  to  use  an  eight-cylinder  motor), 
Cadillac,  and  King  engines,  it  is  only  possible  to  use  the  orders  k 
and  I,  while,  as  a  matter  of  fact,  all  three  employ  the  ord^  given  in 
I,  which  is  shown  diagrammatically  in  Fig.  110.  The  other  possible 
order  for  an  eight  (k)  may  be  read  from  the  same  diagram  by  tunt- 
ing  it  around  and  changing  the  numbers  from  4L  to  IR,  3L  to  2B, 
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and  so  od.  A  curious  fact  is  that  in  each  of  these  orders  the  sum 
of  the  numbers  of  two  cylinders  which  fire  in  succession  is  alwaj's  5. 
By  starting  always  with  a  right>hand  cylinder,  the  firing  order  can 
readily  he  determined  by  noting  whether  the  firing  order  in  one  of 
the  groups  of  four  cylinders  is  1-3-4-2  or  1-2-4-3, 

Just  as  the  eight-cylinder  V-type  motor  is  simply  a  combination 
of  two  groups  of  four  cylinders,  each  of  which  considered  alone 
would  have  the  standard  firing  order  of  a  four,  so  the  twelve-cylinder 
V-motor  is  simply  the  bringing  together  on  one  crankshaft  of  two 
six-rjiinder  motors.  The  firing  order  adopted  is  accordingly 
one  of  the  two  preferred  for  the  six-cylinder  motor  (g  and  h),  alter- 
nating from  the  right-hand  to  the  left-hand  group  in  the  same 
manner  as  shown  for  the  eight-cylinder  motor. 

Firing  Orders  and  Ignition  Advance.  Kepairs  and  adjustments 
to  the  ignition  system  of  a  motor  are  always  niuch  easier  to  carry 
out  when  the  characteristics  of  the  system  in  question  are  known. 
For  this  reason  the  firing  orders  of  the  various  models  of  different 
makes,  tctgether  with  the  setting  point  and  the  amount  of  advance 
anfl  retard,  are  given  here  for  practically  all  makes  of  cars.  Wher- 
ever it  cuuld  be  obtained,  this  information  is  gi^'en  for  all  models  of 
ever\-  make  for  several  years  past,  but  in  some  instances  it  was  not 
available.  The  information  is  given  in  the  alphabetical  order  of 
the  makers'  names  to  make  reference  easy. 

Allen.     1916  Model  37;    F.O.  l-2-4-;j;    contacts  open  .(lOG  to 
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open  when  mark  on  fl>^wheel  is  i  inch  past  indicator.  Spark  fully 
retarded. 

Auburn.  1916  Model  6-40A;  F.O.  1-5-3-6-2^;  contacts  open 
.018  to  .020  inch.  Contacts  open  when  piston  is  at  upper  dead 
center.  Spark  fully  retarded.  1917-18  Model  6-39;  F.O.  1-5-3- 
6-2-4;  contacts  open  .025  inch.  1918  Model  6-44;  F.  O.  1-5-3-6-2-4: 
contacts  open  .018  to  .020  inch.  1919  Models  6-29,  6-39H  and 
6-39K;  F.O.  1-5-3-6-2-4;  contacts  open  .020  to  .025  inch.  1920 
Model  6-39A;  F.O.  1-5-3-6-2-4;  contacts  open  .022  inch.  1921 
Model  6-39;  F.O.  1-5-3-6-2-4;  contacts  open  .020  to  .025  inch. 
Contacts  open  when  piston  is  at  upper  dead  center.  Spark  fully 
retarded. 

Briscoe.  1917-18  Model  4-24;  F.O.  1-3-4-2;  contacts  open 
.014  to  .015  inch.  •  Model  B4-24;  F.O.  1-3-4-2;  contacts  open 
.023  inch.  1919  Model  B4-24;  F.O.  1-3-4-2;  contacts  open  .023 
inch.  Contacts  open  when  piston  is  at  upper  dead  center.  Spark 
fully  retarded.  1920-21  Model  4-34;  F.O.  1-3-4-2;  contacts  open 
.020  inch.  Contacts  open  when  mark  on  fl^'wheel  is  IJ  inches 
past  indicator.     Spark  fully  retarded. 

Buick.  1916  Models  D44,  D45,  D46,  D47,  D54,  and  D55;  F.  O. 
1-4-2-0-3-5;  contacts  open  .018  inch.  Contacts  open  when  mark 
on  flywheel  is  about  1  inch  past  upper  dead  center.  Spark  fully 
retarded.  1917  :Models  D34  and  D35;  F.  O.  1-3-4-2;  contacts  open 
.018  inch.  Contacts  open  when  piston  is  at  upper  dead  center. 
Spark  fully  retarded.  1918  Models  E4-34  and  E4-35;  F.  O.  l-;i-4-2; 
contacts  open  .018  inch.  191G-17  Models  D6-44,  D6-45,  D6-46, 
andr)(>-47;  F.O.  1 -4-2-()-3-5 ;  contacts  open  .018  inch.  1918  Model 
EG,  1919  Model  II(">:  F.O.  1-4-2-6-3-5;  contacts  open  .018  inch. 
1921  Model  2KSix;  F.  O.  1-4-2-6-3-5;  contacts  open  .020  inch. 
Contacts  open  when  DC  mark  is  approximately  1  inch  past  indi- 
cator. Spark  fully  retarded.  1922  Model  22.Six;  F.  O.  1-4-2-6-3-5; 
contacts  open  .020  inch.  Contacts  open  when  7-degree  mark  on 
flywheel  is  at  indicator.  Spark  fully  retarded.  Model  22-Four; 
F.  O.  1-3-4-2;  contacts  open  .025  inch.  Contacts  open  when  7-degree 
mark  on  flywliec^l  is  at  indicator.     Spark  fully  retarded. 

Cadillac.  IDHI  Model  .vl,  1917-18  Model  55,  1918  Model  57, 
1919  Model  :>:,  li)2()  Model  ol);  F.O.  IL,  2R,  3L,  IR,  4L,  3R,  2L, 
4R;  contacts  open  .01 N  ineh.     (\)ntacts  open  when  fl\'wheel  mark 
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"1-GA"  roisters  with  indicator  with  No.  1  piston  on  left-hand 
block  starting  on  power  stroke.  Spark  fully  retarded.  1921  Model 
59;  F.  O.  IL,  2R,  3L,  IR,  4L,  3R,  2L,  4R;  contacts  open  .020  inch. 
Contacts  open  when  piston  is  on  compression  stroke  IfJ-  inches 
before  top  dead  center.    Spark  fully  advanced. 

Case.  1916  Model  T;  F.  O.  1-3-4-2;  contacts  open  .006  to  .008 
inch.  1917  Model  MT;  F.O.  1-3-4-2;  contacts  open  .023  inch. 
1918-19  Model  U;  F.  O.  1-5*6-2-4;  contacts  open  .006  to  .008  inch. 
Contacts  open  when  piston  is  at  upper  dead  center.  Spark  fully 
retarded.  1920-21  Model  V;  F.  O.  1-5-3-6-2-4;  contacts  open  .018 
inch.  Contacts  open  when  flywheel  mark  "1-6"  registers  with 
indicator.    Spark  one-third  advanced. 

Chalmers.  1915-16  Models  32  and  32B;  F.O.  1-4-2-6-3-5; 
contacts  open  .010  to  .012  inch.  Contacts  open  when  DC  mark  on 
flj'wheel  is  1|  inches  past  indicator.  Spark  fully  retarded.  1916-17 
Models  35A,  35B,  35C;  F.  O.  1^2-6-3-5;  contacts  open  .015  to  .020 
inch.  Contacts  open  when  piston  is  at  upper  dead  center.  Spark 
fully  retarded.  1916-1917  Model  35B,  Series  No.  82001-90000, 
1918-19  Models  35C,  35D,  Series  No.  94000-001  to  111000-025; 
F.O.  1-4-2-6-3-5;  contacts  open  .015  to  .018  inch.  1920  Model 
35C;  F.O.  1-4-2-6-3-5;  contacts  open  .015  to  .018  inch.  Contacts 
open  when  DC  mark  on  fl^'wheel  is  f  inch  past  indicator.  Spark 
fully  retarded.  1921  Model  35C;  F.O.  1-4-2-6-3-5;  contacts  open 
.016  inch.  Contacts  open  when  top  DC  mark  on  flywheel  is  IH 
inches  past  indicator.    Spark  fully  retarded. 

Chandler.  1915-16;  F.O.  1-5-3-6-2-4;  contacts  open  .015  to 
.017  inch.  1917-18  Light  Six;  F.  O.  1-5-3-6-2-4;  contacts  open  .014 
to  .016  inch.  1919  New  Series;  F.O.  1-5-3-6-2-4;  contacts  open 
.014  to  .016  ipch.  1920-1921  New  Series;  F.  O.  1-5-3-6-2-4;  contacts 
open  .015  inch.  Contacts  open  when  piston  is  at  upper  dead  center. 
Spark  fully  retarded. 

Chevrolet  1916-17-18  Model  490;  F.O.  1-2-4-3;  contacts 
open  .023  inch.  1918-19  Model  D;  F.  O.  IR,  4L,  2R,  3L,  4R,  IL, 
3R,  2L;  contacts  open  .020  to  .025  inch.  1920  Model  490;  F.  O. 
1-2-4-3;  contacts  open  .030  inch.  Contacts  open  when  piston  is  at 
upper  dead  center.  Spark  fully  retarded.  1921  Model  FB;  F.  O. 
1-2-4-3;  contacts  open  .022  inch.  Contacts  open  when  piston  is  at 
top  dead  center.    Spark  fully  retarded. 

140 


150  ELECTRICAL  EQUIPMENT 

Cole.  1915  Model  4-40,  1916  Model  6-66;  F.  O.  Sixes  1-5-3- 
6-2-4,  Fours  1-3-4-2;  contacts  open  .010  to  .012  inch.  1916  Model 
850;  F.  O.  IR,  4L,  2R,  3L,  4R,  IL,  3R,  2L;  contacts  open  .018  inch. 
1917  Model  860;  F.  O.  IR,  4L,  2R,  3L,  4R,  IL,  3R,  2L;  contacts  open 
.018  inch.  1917  Model  880,  1918  Models  860,  870;  F.O.  IR,  4L, 
3R,  2L,  4R,  IL,  2R,  3L;  contacts  open  .018  inch.  Contacts  open 
when  piston  is  at  upper  dead  center.  Spark  fully  retarded.  1919-20- 
21  Model  870;  F.  O.  IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L;  contacts  open 
.018  inch.  Contacts  open  when  piston  is  IJ  inches  from  top  dead 
center.     Spark  fully  advanced. 

Columbia.  1917-18-19-20  Models  C  and  D;  F.O.  1-5-3-6-2-4; 
contacts  open  .005  to  .008  inch.  Contacts  open  when  piston  is  at 
upper  dead  center.  Spark  fully  retarded.  1921  Series  7-R;  F.  O. 
1-5-3-6-2-4;  contacts  open  .006  inch.  Contacts  open  when  piston 
is  at  upper  dead  center.    Spark  fully  retarded. 

Crow-EIkhart  1916  Models  CE-30  and  33;  F.O.  1-3-4-2; 
contacts  open  .023  to  .027  inch.  Contacts  open  when  piston  is  at 
upper  dead  center.  Spark  fully  retarded.  1917  Models  CE-33  and 
35,  1918  Models  K34,  K36;  F.O.  1-3-4-2.  Contacts  open  when 
piston  is  at  upper  dead  center.  Spark  1  inch  from  fully  retarded 
position.  1919  Models  32,  34,  36,  42,  44,  46,  Series  H  and  K,  and 
1920  Models  53,  54,  55,  56;  F.O.  1-5-3-6-2-4;  contacts  open  .025 
to  .027  inch.  Contacts  open  when  piston  is  at  upper  dead  center. 
Spark  fully  retarded.  1921  Models  53, 54, 55  and  56,  Series  H  and  L; 
F.  O.  Lycoming  Four  1-3-4-2,  Valve-in-head  Four  1-2-4-3,  Sixes 
1 -5-.'3-()-2-4 ;  contacts  open  .026  inch.  Contacts  open  when  piston 
is  at  top  dead  center.     Spark  fully  retarded. 

Cunningham.  191G  Model  D,  Series  1;  F.  O.  IR,  4L,  3R,  2L, 
4R,  IL,  2R,  3L;  contacts  open  .008  inch.  1917  Mod^l  V,  Series  2; 
F.O.  IK,  4L,  3R,  2L,  4R,  IL,  2R,  3L;  contacts  open  .006  inch. 
1918-19-20  Model  V,  Series  3;  F.  O.  IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L; 
contacts  open  .018  inch.  Contacts  open  when  piston  is  at  upper 
dead  center.  Spark  2  inches  from  fully  retarded  position.  1921 
Model  V,  Series  5;  F.  ().  IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L;  contacts 
open  .018  inch.  Contacts  oj)on  when  piston  is  at  top  dead  center. 
Spark  lever  2  inches  from  lowest  position  on  sector. 

Dodge.  1 9 1 .')- Hi ;  V.  O.  1  -:M-2 ;  contacts  open  .015  to  .020  inch. 
1917-18;  F.  O.  1-:M-2;  contacts  open  .018  to  .020  inch.-    1919-20-21; 
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F.  O.  J-3^2;  contacts  open  .020  inch.  Contacts  open  when  piston 
is  at  upper  dead  center.    Spark  fully  retarded. 

Dorris.  1916-17  Model  IA-6;  F.  O.  1-5-3-6-2-4;  contacts  open 
.014  to  .016  inch.  1918  Model  IC-C;  F.  O.  1-5-3-6-2-4;  contacts 
open.014to.0I6inch.  1919  Model  6^;  P.O.  1-5-3-6-2-4;  contacts 
open  .014  to  .016  inch.  1920  Model  6-8;  F.O.  1-5-3-6-2-4;  contacts 
open  .014to.016inch.  Contacts  open  when  piston  is  atupperdead 
center.  Spark  fully  retarded.  1921-22;  F.O.  1-5-3-6-2-4;  contacts 
open  .015  inch.  Contacts  open  when  pbton  is  at  upper  dead  center. 
Spark  fully  retarded. 

Dort  1916  Models  5  and  5A,  and  1917  Models  6,  9,  9S,  and 
9T,  using  400R  generator;  F.  O.  1-3-4-2;  contacts  open  .023  inch. 
1917  Models  6  and  9,  using  400  Generator;  F.  O.  1-3^2;  contacts 
open  .025  to  .027  inch.  1918  Model  11;  F.  O.  1 -.3-4-2;  contacts  open 
.(r23inch.  1919-20  Model  11;  F.O.  1-3-4-2;  contacts  open  .025  inch. 
Contacts  open  when  piston  is  at  upper  dead  center.  Spark  fully 
reUnled.  1921  Modeb  12, 12C,  17,  and  17S;  F.  O.  1-3-4-2;  contacts 
open  .025  inch.  Contacts  open  when  DC  mark  on  flywheel  is 
1  inch  past  indicator.     Spark  fully  retarded. 

E^in.  1917-18  Model  6-E,  Series  1700  to  177760;  F.  O.  1-4-2- 
ti-3-5;  contacts  open  .020  inch.  Contacts  separate  when  DCl-6 
mark  on  fl\'n'heet  is  at  center  of  the  opening.  Spark  fully  retarded. 
1919  Model  H;  F.O.  1-4-2-6-3-5;  contacts  open  .022  inch.  1920 
Model  K;  F.O.  1-4-2-6-3-5;  contacts  open  .027  inch.  Con- 
tacts separate  when  piston   is  at  top  dead   center.     Spark    fully 
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If  inches  past  indicator.  Spark  fully  retarded.  1919  Series 
9-B;  F.  O.  1-4-2-6-3-5;  contacts  open  .010  to  .012  inch.  1921  Series 
9-B;  F.  O.  1-4-2-6-3-5;  contacts  open  .010  to  .012  inch.  Contacts 
open  when  center  line  1-6  on  flywheel  is  li  inches  before  the  indi- 
cator.   Spark  fully  retarded.    This  control  is  automatic. 

Grant.  1917-18  Model  K;  F.O.  1-4-2-6-3-5;  contacts  open 
.020  to  .025  inch.  Contacts  open  when  1-6TC  mark  on  fly^'heel 
is  f  inch  past  indicator.  Spark  button  pulled  out  one-half  iti> 
stroke.  1920  Model  H;  F.  O.  1-5-3-6-2-4;  contacts  open  .006  inch. 
Contacts  open  when  piston  is  at  upper  dead  center.  Spark  fully 
retarded.  1921;  F.O.  1-5-3-6-2-4;  contacts  open  .006  inch. 
Contacts  open  when  piston  is  at  top  dead  center.  Spark  fully 
retarded. 

Haynes.  1915-16  Models  30,  33,  34  and  35;  F.  O.  1-4-2-6-3-5; 
contacts  open  .018  inch.  Contacts  open  when  piston  is  at  upper 
dead  center.  Spark  fully  retarded.  1918  Models  38,  39,  39R,  and 
39L;  F.  O.  1-4-2-6-3-5;  contacts  open  .018  to  .020  inch.  Contacts 
open  when  center  mark  on  flx-wheel  is  1  inch  past  indicator.  Spark 
fully  retarded.  1917-18  Models  40,  40R,  41  and  44;  F.  O.  IR,  6L, 
4R,  3L,  2R,  5L,  OR,  IL,  3R,  4L,  5R,  2L.  Contacts  open  when  DC 
mark  is  ^  inch  past  indicator.  Spark  fully  retarded.  1919  Model 
45-Six;  F.  ().  1-4-2-0-3-5;  contacts  open  .018  to  .020  inch.  Contacts 
open  when  mark  on  flywheel  is  1  inch  past  indicator.  Spark  fully 
retarded.  1920  Model  45;  F.O.  1-4-2-6-3-5;  contacts  open  .020 
inch.  Contacts  open  when  mark  on  flj'wheel  is  f  inch  past  indicator. 
Spark  fully  retarded.  1920  Model  47;  F.O.  1-4-2-6-3-5;  contacts 
open  .OlS  inch.  Contacts  open  when  DC  mark  is  H  inch  past 
indicator.  Si)ark  fully  retarded.  1920  Model  46;  F.  O.  IR,  6L,  4R, 
3L,  2R,  oL,  OR,  IL,  Mi,  4L,  5R,  2L;  contacts  open  .018  inch.  Con- 
tacts open  when  i)iston  is  at  upper  dead  center.  Spark  one-third 
advanced.  J921  :\Io(lel  45;  F.O.  1-4-2-6-3-5;  contacts  open  .020 
inch.  Contacts  open  when  mark  on  flywheel  is  f  inch  past  indi- 
cator. Spark  fully  retarded.  1921  Mwlel  47;  F.O.  1-4-2-6-3-5; 
contacts  open  .OlS  inch.  Contacts  open  when  DC  mark  b  ff 
inch  ])ast  indicator.  Sj)ark  fully  retarded.  1921  Model  46;  F.O. 
1R,()L,  4U,:;l>,  2H,  r)L,  (.H,  1L,:;U,  4L,  oR,  2L;  contacts  open  .018 
inch.  Contacts  oj)en  when  j)iston  is  at  upper  dead  center.  Spark 
one-third  ad\ance(l. 
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Holmes.  1918-19-20  Model  1 ;  F.  O.  1^2-6-3-5;  contacts  open 
.012  to  .014  inch.  Contacts  open  when  mark  on  fl^-wheel  is  IJ 
inches  before  indicator.    Spark  fully  retarded. 

Hudson.  1916  Model  6-4;  P.O.  1-5-3-6-2-4;  contacts  open 
.010  inch.  1917-18  Model  Super  Six;  P.O.  1-5-3-6-2-4;  contacts 
open  .018  inch.  1919-20  Model  O;  P.  O.  1-5-3-6-2-4;  contacts  open 
.018  inch.  Contacts  open  when  A  mark  on  fl^'wheel  is  at  indicator. 
Spark  fully  retarded.  1921  Model  O  Super  Six;  P.  O.  1-5-3-6-2-4; 
contacts  open  .018  inch.  Contacts  open  when  A  mark  on  fl^-wheel 
is  at  indicator.    Spark  fully  advanced. 

Hupmobile.  1916-17  Series  N;  P.O.  1-2-4-3;  contacts  open 
.010  to  .012  inch.  1917-18-19 Model  R;  P.  0. 1-2-4-3;  contacts  open 
.006  inch.  1919  Model  R;  P.  O.  1-2-4-3;  contacts  open  .005  to  .008 
uich.  1920  Models  R-3  and  R-4;  P.  O.  1-2-4-3;  contacts  open  .006 
inch.  1921  Series  R-5;  P.O.  1-2-4-3;  contacts  open  .006  inch. 
Contacts  open  when  DC  mark  on  flywheel  is  2  inches  past  indicator. 
Spark  half-way  advanced. 

Jordan.  1917  Model  60;  P.  O.  1-5-3-6-2-4;  contacts  open  .014 
to  .016  inch.  Contacts  open  when  mark  on  flj'wheel  is  f  to  | 
inch  before  indicator.  Spark  fully  retarded.  1918-1919  Model  C; 
P.  O.  1-5-3-6-2-4;  contacts  open  .020  inch.  Contacts  open  when 
mark  on  fl^^v^heel  is  1  inch  past  indicator.  Spark  fully  retarded. 
1920  Series  M;  P.O.  1-5-3-6-2-4;  contacts  open  .020  inch.  1921 
Series  P  and  Series  M.  Contacts  open  when  mark  on  flywheel  is 
2J  inches  past  indicator.    Spark  fully  retarded. 

King.  1916  Model  E;  P.  O.  IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L; 
contacts  open  .010  to  .012  inch.  Contacts  open  when  piston  is  at 
upper  dead  center.  Spark  fully  retarded.  1917  Model  EE;  P.O. 
IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L;  contacts  open  .005  to  .008  inch. 
Contacts  open  when  piston  is  at  upper  dead  center.  Spark  ^  inch 
advanc-ed.  1919  Model  G;  P.  O.  IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L; 
contacts  open  .006  inch.  1920  Model  H;  P.  O.  IR,  4L,  3R,  2L,  4R, 
IL,  2R,  3L;  contacts  open  .006  inch.  Contacts  open  when  piston 
is  at  upper  dead  center.    Spark  fully  retarded. 

Kissel-Car.  1917;  P.O.  IR,  IL,  4R,  4L,  2R,  2L,  6R,  6L, 
3R,  3L,  5R,  5L;  contacts  open  .018  inch.  Contacts  open  when 
piston  is  at  upper  dead  center.  Spark  fully  retarded.  1917-1018; 
F.  O.  1-5-3-6-2-4;  contacts  open  .020  to  .025  inch.     Contacts  open 
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when  DC  mark  on  flyn'heel  is  1 J  inches  past  indicator.  Spark  full 
retarded.  I9I9-1920;  F.  O.  1-5-3-6-2-4;  contacts  open  .020  to  .02 
inch.  Contacts  open  when  piston  is  at  upper  dead  center.  Spar 
fully  retarded. 

Lexington.  1916-17  Model  O;  F.  0. 1-5-3-6-2-4;  contacts  ope 
.023  inch.  1917  Models  6-0  and  6-00;  F.  O.  1-5-3-6-2-4;  contact 
open. 023  inch.  1918-19  Model  R;  F.  O.  1-5-3-6-2-4;  contacts  ope 
.017  to  .024  inch.  Contacts  open  when  piston  is  at  upper  dea 
center.  Spark  fully  retarded.  1921;  F.O.  1-5-3-6-2-4;  contaci 
open  .020  inch.  Contacts  open  when  piston  is  at  top  dead  cente 
Spark  fully  retarded. 

Liberty.  1916-17-18-19  Models  10,  lOA  and  lOB;  F.O.  1-5-! 
6-2-4;  Delco  contacts  open  .018  inch,  Atwater-Kcnt  contacts  ope 
.005  to  .008  inch.  1920;  F.O.  1-5-3-6-2-4;  contacts  open  .024  i 
,029  inch.  Contacts  open  when  piston  is  at  upper  dead  cente 
Spark  fully  retarded.  1921  Model  lOC;  F.O.  1-4-2-6-3-5;  contac 
open  .006  inch.  Contacts  open  when  piston  is  at  top  dead  cente 
Spark  1  inch  from  fullj'  retarded  position. 

Locomobile.  1915-16  Model  .38,  Type  R6,  and  Model  41 
Type  M6;  F.  O.  1-5-3-6-2-4;  Bosch  contacts  open  .014  to  .016  incl 
Eiscmann  contacts  open  .015  inch.  1917  Models  38  and  48;  contac 
open  when  piston  is  ^  inch  from  top  dead  center  on  Model  J 
and  -^  inch  from  top  dead  center  on  Model  48.  Spark  full 
retarded.  1919-20  Series  VI  and  VII;  F.O.  1-5-3-6-2-4;  Berlir 
contactH  open  .016  to  .020  inch.  Magneto  contacts  separate  wh« 
]tiston  is  ^  inch  from  top  dead  center.  Spark  fully  retardei 
Batter\-  contacts  separate  when  piston  is  ^  inch  from  top  dea 
center.     Spiirk  fully  retarde<!. 

Marmon.  1916-17-18-19  Model  34;  F.  O.  1-5-3-6-2-4;  contac 
open  .014  to  .Olti  inch.  1920  Mo<lel  34B;  F.O.  1-5-3-6-2-4;  contac 
(il>cn  .020  to  .025  inch.  Contacts  ojien  when  DC  mark  on  flywhe 
is  I  inch  past  indicator.  Spark  fnlly  retarded.  1921  Model  341 
F.O.  l-.")-;!-(i-2-4;  <ontji(ts  ()|k'II  .1)22  inch.  Contacts  open  wht 
1-6  TC  mark  (ui  flvwhccl  is  I  riicJi  past  indicator.  Spark  ful 
retarded. 

Maxwell.  llUll-lT:  F.O.  1-:M-2;  contacts  Hi  .015  ind 
Contacts  open  when  DC  mark  on  flywheel  is  1*  |gt  past  ind 
cator.     Spark  fully  re  IS  Model  25;  F. 
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open  .005  to  .008  inch.  Contacts  open  when  DC  mark  on  flj-wheel 
is  IJ  inches  past  indicator.  Spark  fully  retarded.  Early  1919 
Model;  F.  O.  1-3-4-2;  contacts  open  .005  inch.  Contacts  open  when 
DC  mark  on  flywheel  is  IJ  inches  past  indicator.  Spark  fully 
retarded.  1920  Model  25,  Series  266801-294601;  P.O.  1-3-4-2; 
contacts  open  .006  inch.  1920  Model  25,  Series  294601  up;  F.  O. 
1-3-4-2,  contacts  open  .006  inch.  Contacts  separate  when  mark 
on  fljn^rheel  is  1 J  inches  past  indicator.    Spark  fully  retarded. 

McFarlan.  1916;  F.  O.  1-5-3-6-2-4;  contacts  open  .006  to  .008 
inch.  Contacts  open  when  piston  is  at  upper  dead  center.  Spark 
1  inch  from  fully  retarded  position.  1917  Model  127;  F.  O.  1-5-3- 
6-2-4;  contacts  open  .014  to  .016  inch.  Contacts  open  when  piston 
is  at  upper  dead  center.  Spark  1  inch  from  fully  retarded  position. 
1919-20  Model  12,  Series  X;  F.O.  1-5-3-6-2-4;  contacts  open  .014 
to  .016  inch.  Battery  contacts  separate  when  DC  mark  on  flywheel 
is  J  inch  before  indicator.  Magneto  contacts  separate  when  DC 
mark  is  at  indicator.  Spark  fully  retarded  in  both  cases.  1921 
Twin  Valve  Six;  F.  O.  1-5-3-6-2-4;  contacts  open  .012  to  .016  inch. 
Battery  contacts  open  when  DC  mark  on  flywheel  is  J  inch  before 
indicator.  Magneto  contacts  open  when  piston  is  at  upper  dead 
center.    Spark  fully  retarded  in  both  cases. 

Mercer-  1916  Series  22-72;  F.  O.  1-3-4-2;  contacts  open  .014 
to  .016  inch.  Contacts  open  when  piston  is  at  upper  dead  center. 
Spark  fully  retarded.  1917  Series  22-73;  F.O.  1-3-4-2;  contacts 
open  .014  to  .016  inch.  Set  magneto  shaft  bumper  on  contact  arm. 
Will  be  at  highest  point  of  breaker  cam  when  piston  is  on  upper 
dead  center.  1918-19-20  Series  4-5;  F.O.  1-3-4-2;  contacts  open 
.016  to  .018  inch.  Contacts  open  when  piston  is  at  upper  dead 
center.  Spark  fully  retarded.  1921  Series  5;  F.  O.  1-3-4-2;  contacts 
open  .011  inch.  Contacts  open  when  piston  is  at  top  dead  center. 
Spark  fully  retarded. 

Metz.  1916-17-18  Model  25;  F.O.  1-2-4-3;  Bosch  contacts 
open  .014  inch,  Dixie  contacts  open  .018  to  .020  inch.  1917-18 
Model  G;  F.O.  1-2-4-3;  Atwater-Kent  contacts  open  .006  inch. 
Contacts  open  when  piston  is  at  top  dead  center.  Spark  1  inch 
from  fully  retarded  position.  1919-20  Master  Six;  F.  O.  1-5-3-6-2-4; 
contacts  open  .018  to  .024  inch.  Contacts  open  w-hen  piston  is  at 
upper  dead  center.    Spark  fully  retarded. 
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MitcheU.  1916-17-18;  F.O.  1-5-3-6-2-4;  contacts  open  .01 
to  .020  inch.  Contacts  open  when  piston  is  at  upper  dead  centei 
Spark  fully  retarded.  1917-18  Model  D40;  F.O.  1-5-3-6-2-J 
contacts  open  .020  inch.  Contacts  open  when  piston  is  at  top  dea 
center.  Spark  1  inch  from  fully  retarded  position.  1919-20  Mode 
E40  and  E42;  F.O.  1-5-3-6-2-4;  contacts  open  .020  to  .025  incl 
Contacts  open  when  piston  is  at  top  dead  center.  Spark  full 
retarded.  1921  Model  F40;  F.  O.  1-5-3-6-2-4;  contacts  open  .O'J 
inch.  Contacts  open  when  piston  is  at  top  dead  center.  Spar 
fully  retarded. 

Moline-Knight  1914-15  Model  MK-30,  1916-17-18  Mod. 
MK-40,  1917-18  Models  C  and  G;  F.  O.  1-3-4-2;  contacts  open  .01 
to  .020  inch.  1919  Model  G;  F.  O.  1-3-4-2;  contacts  open  .025  incl 
Contacts  open  when  piston  is  at  upper  dead  center.  Spark  full 
retarded.  1916  Models  6-:^0  and  6-40;  F.O.  l-5-:i-6-2-4;  contad 
open  .018  inch.  Contacts  open  w^hen  piston  is  at  upper  dead  cente 
Spark  half-way  advanced.  1917  Models  6-43,  6-66,  and  6-45;  F.  C 
l.r>.3-(>-2-4;  contacts  open  .018  inch.  1918-19  Model  6-66;  F.C 
1-5-3-0-2-4;  contacts  open  .020  inch.  1920  Victory;  F.O.  W>:U 
2-4;  contacts  open  .024  to  .027  inch.  1920  Model  6-48;  F.C 
l-r)-.'M')-2-4;  contacts  open  .018  inch.  Contacts  open  when  piston  i 
at  upper  dead  center;  spark  fully  retarded.  1921  Model  (>-()8;  F.  C 
l-r)-3-()-2-4;  contacts  open  .020  inch.  Contacts  open  when  top  D< 
mark  on  fl\  wheel  is  2 J  inches  past  indicator.      Spark  fully  retardec 

Nash.  1917  Model  (571 ;  F.  O.  1-5-3-6-2-4;  contacts  open  .01 
to  .020  incli.  Contacts  open  when  DC  mark  on  fl\'w^heel  is  J  inc 
past  indicator.  Spark  fully  retarded.  1918-19  Models  681,  ()S 
and  ()S7;  1\  ().  l-r)-:M')-2-4;  contacts  open  .015  inch.  Contacts  ope 
when  DC  mark  on  Hywhecl  is  at  indicator.  Spark  fully  retardet 
H)20  Models  (;sl  and  0S4;  P.O.  l.,5-3-6-2-4;  contacts  open  .024  t 
.029  inch.  Contacts  open  when  piston  is  at  upper  dead  centei 
Spark  fully  retarded.  1921;  F.O.  1-5-3-6-2-4;  contacts  open  .02 
inch.  Contacts  o])en  when  piston  is  at  top  dead  center.  Spar 
fully  retarded. 

National.  1917  Series  A  and  F;  F.  O.  1-5-3-6-2-4;  contacts  opei 
.018  to  .020  inch.  Contacts  open  when  DC  mark  on  flywheel  i 
IJ  inches  before  indicator.  Spark  fully  advanced.  1917  Serie 
A  and  K;  F.  O.  lU,  (IL,  oR,  2L.  :U{,  4L,  (iR,  IL,  2R,  5L,  4R,  3L 
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contacts  open  .018  inch.  Contacts  open  when  piston  is  at  upper 
dead  center.  Spark  one-thu^  advanced.  1919-20-21  Series  Al  and 
BB;  F.  O.  1-5-3-6-2-4;  contacts  open  .018  inch.  Contacts  open 
when  DC  mark  on  fl^'wheel  is  f  inch  past  indicator. 

Oakland.  1916  Model  32;  F.  O.  1-5-3-6-2-4;  contacts  open 
.020  to  .025  mch.  1916-17  Model  50;  F.  O.  1-7-2-5-4-6-3-8;  contacts 
open  .018  inch.  Contacts  open  when  piston  is  at  upper  dead  center. 
Spark  fully  retarded.  1917  Models  32B  and  34;  F.  O.  1-5-3-6-2-4; 
contacts  open  .018  inch.  1918  Model  34B;  F.  O.  1-5-3-6-2-4; 
contacts  open  .020  to  .025  inch.  1920  Model  34B;  F.  O.  1-5-3-6-2-4; 
contacts  open  .022  inch.  Contacts  open  when  DC  mark  on  flywheel 
is  i  inch  before  indicator.  Spark  fully  retarded.  1921  Model 
34C;  F.  O.  1-5-3-6-2-4;  contacts  open  .022  inch.  Contacts  open 
when  top  DC  mark  on  fl^-wheel  is  J  inch  past  indicator.  Spark 
fully  retarded. 

Oldsmobile-  1916-17  Models  44,  37  and  45;  F.  O.  IR,  4L, 
3R,  2L,  4R,  IL,  2R,  3L;  contacts  open  .018  inch.  Contacts  open 
when  DC  mark  is  J  inch  before  indicator.  Spark  fully  retarded. 
1918  Models  45A  and  37;  F.  O.  IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L; 
contacts  open  .020  inch.  1919  Model  45A;  F.  O.  IR,  4L,  3R,  2L, 
4R,  IL,  2R,  3L;  contacts  open  .018  ihch.  Contacts  open  when 
piston  is  at  upper  dead  center  2  inches  from  top  of  sector.  1919 
Models  37  and  37A;  F.  O.  1-5-3-6-2-4;  contacts  open  .020  to  .025 
inch.  Contacts  open  when  piston  is  at  top  dead  center.  Spark 
fully  retarded.  1919-20  Model  45D;  F.  O.  IR,  4L,  3R,  2L,  4R, 
IL,  2R,  3L;  contacts  open  .020  inch.  1920  Model  37A;  F.O. 
1-5-3-6-2-4;  contacts  open  .020  inch.  Contacts  open  when  piston 
is  at  upper  dead  center.  Spark  fully  retarded.  1921  Models 
37  and  37A;  F.O.  1-5-3-6-2-4;  contacts  open  .020  inch.  Contacts 
open  when  piston  is  at  top  dead  center.    Spark  fully  retarded. 

Overland.  1916  Model  75;  F.O.  1-3-4-2;  contacts  open  .018 
to  .020  inch.  Contacts  open  when  DC  mark  on  flywheel  is  H 
inches  past  indicator.  Spark  fully  retarded.  1916  Model  83; 
F.  O.  1-3-4-2;  contacts  open  .018  to  .020  inch.  Contacts  open  when 
DC  mark  on  flywheel  is  lA  inches  past  indicator.  Spark  fully 
retarded.  1916  Model  86;  F.O.  1-5-3-6-2-4;  contacts  open  .020 
inch.  Contacts  open  when  DC  mark  on  flj-wheel  is  1}  inches  past 
indicator.    Spark  fuUy  retarded.     1917  Model  85-6;  F.O.  1-5-3-6-2-4; 
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contacts  open  .018  inch  to  .020  inch.     Contacts  open  when  D 
mark  on  flj^heel  is  1 J  inches  past  indicator.     Spark  fully  retarde 
1917-18  Models  85-4  and  90;  F.  O.  1-3-4-2;  contacts  open  .016 
.018  inch.    Light  Four  and  Country  Club;  F.  O.  1-3-4-2,  contac 
open  .016  to  .020  inch.     Contacts  open  when  mark  on  fljnvheel 
IJ  inches  past  indicator.     Spark  fully  retarded.      1920  Model 
F.  0. 1-3-4-2;  contacts  open  .016  to  .018  inch.    Contacts  open  wb 

j  piston  is  at  upper  dead  center.    Spark  fully  retarded.     191 9-! 

Models  3-25,  3-35;  F.  O.  IR,  6L,  4R,  3L,  2R,  5L,  6R,  IL,  3R,  4 
5R,  2L;  contacts  open  .015  to  .020  inch.    Right-hand  contacts  op< 

i .  when  fl^^vheel  mark  SR  is  at  indicator.    Spark  fully  advance 

This  is  firing  position  for  No.   1  right-hand  cylinder.     licft-hai 

r  contacts  open  when  SL  mark  on  flywheel  is  at  indicator.     Spai 

fully  advanced.  This  is  the  firing  position  for  No.  1  left-hai 
cylinder.  1921  Models  3-25  and  3-35;  F.O.  IR,  6L,  4R,  3L,  2] 
5L,  6R,  IL,  3R,  4L,  5R,  2L;  contacts  open  .015  inch.  Contacts  opt 
on  right-hand  side  when  SR  mark  on  flywheel  is  at  indicator.  Spa: 
fully  advanced.  Piston  No.  1  on  right-hand  block  is  ready  to  fii 
1921  Single  Six;  F.O.  1-5-3-6-2-4;  contacts  open  .018  inch.  Co 
tacts  open  when  mark  on  flj-wheel  is  li  inches  before  center  Hi 
of  motor.     Spark  fully  advanced. 

Paige.  1916-17-18  Models  6-38  and  6-39;  F.O.  1-5-3-6-2- 
contacts  open  .020  to  .025  inch.  Contacts  open  when  DC  mark  < 
flywheel  is  1  inch  before  indicator.  Spark  fully  retarded.  19 
Model  ()-51;  F.O.  1-5-3-6-2-4;  contacts  open  .020  to  .025  inc 
(\)ntacts  open  when  DC  mark  is  IJ  inches  past  indicator.  Spa 
fully  retarded.  1919;  F.  O.  1-5-3-6-2-4;  contacts  open  .020  to  .0: 
inch.  Contacts  open  when  piston  is  at  upper  dead  center.  Spa 
fullv  retarded.  1920  Models  16-19  and  15-19;  F.O.  1-5-3-6-2- 
contacts  open  .006  inch.  Contacts  open  when  DC  mark  on  flj-wh^ 
is  ]\  inches  past  indicator.  Spark  fully  retarded.  1921  Mod< 
15-19  and  17-20;  F.O.  1-5-3-6-2-4;  contacts  open  .006  inch.  Co 
tacts  open  when  TC  1-G  mark  on  flywheel  is  1 J  inches  past  indicate 
Spark  fully  retarded. 

Peerless.  1917  Model  5();  F.  ().  IR,  4L,  3R,  2L,  4R,  IL,  2] 
3L;  contacts  open  .010  to  .012  inch.  Contacts  open  when  pisti 
is  at  top  dead  center.  Spark  half-way  advanced.  1919-20  Mod< 
66  and  50,  Series  (>;  F.  O.  IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L;  contac 
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open  .005  to  .008  inch.  Contacts  open  when  piston  is  at  top  dead 
center.  Spark  fully  retarded.  1921  Model  56,  Series  7;  F.  O. 
IR,  4L,  3R,  2L,  4R,  IL,  2R,  3L;  contacts  open  .006  inch.  Contacts 
open  when  piston  is  at  top  dead  center.  Spark  one-half 
advanced. 

Pierce-Arrow.  1916-17-18,  Series  4,  1918  Series  5;  F.O. 
1-5-3-6-2-4;  contacts  open  .010  to  .012  inch.  Contacts  open  when 
magneto  mark  on  fl^'wheel  is  at  indicator.  Spark  fully  retarded. 
Battery  contacts  open  when  ignition  mark  on  flywheel  is  at  indicator. 
Spark  fully  retarded.  1919-20  Models  38  and  48;  F.  O.  1-5-3-6-2-4; 
contacts  open  .015  inch.  Contacts  open  when  ignition  mark  on 
flj^wheel  is  at  indicator.  Spark  fully  retarded.  Both  contacts 
must  open  at  the  same  time. 

Premier.  1916-17  Models  6B  and  6C;  F.  O.  1-5-3-6-2-4;  con- 
tacts open  .020  inch.  1919  Model  6C;  F.O.  1-5-3-6-2-4;  contacts 
open  .018  inch.  Contacts  open  when  piston  is  at  top  dead  center. 
Spark  fully  retarded.  1920  Model  6D;  F.O.  1-5-3-6-2-4;  contacts 
open  .018  to  .020  inch.  Contacts  open  when  DC  mark  on 
fl^'wheel  is  li  inches  past  indicator.  Spark  fully  retarded.  1921 
Model  6D;  F.O.  1-5-3-6-2-4;  contacts  open  .018  inch.  Contacts 
open  when  piston  is  at  top  dead  center.    Spark  fully  retarded.  * 

Reo-  1916  Models  R,  S,  M  and  N;  F.  O.  1-4-2-6-3-5;  contacts 
open  .015  to  .020  inch.  1917  Models  R,  S,  M  and  N;  F.  O.  1-4-2- 
6-3-5;  contacts  open  .020  to  .025  inch.  Contacts  open  when  DC 
mark  on  flj^^heel  is  IJ  inches  past  indicator.  Spark  fully  re- 
tarded. 1918  Models  M,  T  and  U;  F.  O.  1-3-4-2,  Sixes  1-4-2-6-3-5; 
contacts  open  .018  to  .023  inch.  Contacts  open  when  DC  mark  on 
four-cylinder  cars  is  J  inch  before  indicator  and  1  inch  before  indi- 
cator on  six-cylinder  cars.  Spark  fully  retarded.  1919  Models 
T  and  U;  F.  O.  1-3-4-2;  contacts  open  .020  to  .025  inch.  Contacts 
open  when  mark  on  flj^heel  is  IJ  inches  past  indicator.  Spark 
fully  retarded.  1921  Early  Models  T6  and  U6;  F.O.  1-4-2-6-3-5; 
contacts  open  .020  inch.  Contacts  open  when  "spark  1  &  6'*  mark 
on  flywheel  is  in  line  with  upper  edge  of  right-hand  engine  support. 
Spark  fully  retarded.  1921  Late  Models  T6  and  U6;  F.  O.  1-4-2- 
6-3-5;  contacts  open  .020  inch.  Contacts  open  when  *'spark  1  & 
6"  mark  on  flywheel  is  in  line  with  upper  edge  of  right-hand  engine 
support.    Spark  fully  retarded.     1916-17  Models  S2,  B5-R  and 
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B(>-R;  F.  O.  1-5-3-6-2-4;  contacts  open  .012  inch.  1917-18  Modds 
.S2-T.  S4-T,  S4-R,  S4-S  and  Y-18;  F.  O.  1-5-3-6-2-4;  contacts  open 
.020  to  .025  inch.  1919  Model  Y-18;  F.O.  1-5-3-6-2-4;  contacts 
open  .020  to  .025  incli.  Contacts  open  when  DC  mark  on  flywhed 
is  1  inch  past  indicator.    Spark  fully  retarded. 

Saxon.  1920  Model  Y18-T;  F.  O.  1-4-2-6-3-6;  contacts  open 
.020  to  .025  inch.  Contacts  open  when  piston  is  at  top  dead 
center.    Spark  fully  retarded. 

Scripps-Booth.  1916-17  Models  C,  D  and  G;  F.O.  IR,  IL, 
3R,  3L,  4R,  4L,  2R,  2L;  contacts  open  .020  to  .025  inch.  Contacts 
open  when  piston  is  at  top  dead  center.  Spark  fully  retarded. 
1 91 7  MckIcI  G  ;  F.  O.  1-3-4-2 ;  c-ontacts  open  .020  to  .025  inch.  Con- 
tacts open  when  piston  is  |  inch  past  DC  mark  on  flywheel.  Spark 
fully  retarded.  1918-19  Models  6-39,  6-40;  F.O.  1-6-3-6-2-4;  con- 
tacts open  .020  to  .025  inch.  Contacts  open  when  piston  is  at  upper 
dead  center.  Spark  fully  retarded.  1920  Series  B;  F.O.  1^5-3- 
()-2-4;  contacts  open  .022  inch.  Contacts  open  when  DC  mark  on 
flN-Avheel  is  1  inch  past  indicator.    Spark  fully  retarded. 

Stearns-Knight.  1!)l(3-]7-18  M(Klels  SKL4  and  SK8,  Series 
30,  31  and  32;  F.O.  1-2-1-3;  Eights  III,  4L,2R,3L,4R,  1L,3R,2L; 
contacts  open  .020  to  .025  inch.  Contacts  open  when  DC  mark  on 
(lywluH^l  is  1^  inches  past  indicator.  Spark  fully  retarded.  1919 
Model  SKL4;  F.  ().  1-3-4-2;  contacts  open  .020  to  .022  inch.  Con- 
tacts open  when  DC  mark  on  flywheel  is  1 J  inches  past  indicator. 
Spark  fully  retarded.  1920  :\Iodel  KL4;  F.O.  1-3-4-2;  contacts 
ojH^n  .0(H)  inch-  Contacts  open  when  DC  mark  on  fl^'wheel  is 
2J  inches  past  indicator.    Spark  fully  retarded. 

Stephens.  1917-18-19  Models  05,  70,  74,  75  and  78;  F.O. 
1-4-2-0-3-5;  contacts  open  .018  inch.  Contacts  open  when  piston 
is  at  top  dead  center.  Spark  one-third  advanced.  1919-20,  Salient 
Six,  Scries  2;  F.  O.  1-4-2-0-3-5;  contacts  open  .025  inch.  Contact^ 
open  when  piston  is  at  top  dead  center.    Spark  fully  ^tarded. 

Studebaker.  1916-17-lS,  Series  16,  17  and  18;  F.O.  Fours 
1-3-4-2,  Sixes  1-5-3-6-2-4;  contacts  open  .015  inch.  Contacts  open 
when  DC  mark  on  flywheel  is  4  inches  before  indicator  on  Fours, 
and  on  Sixes  5J  inches  before  indicator.  Spark  fully  advanced. 
1918-19  Series  19;  F.O.  Fours  1-3-4-2,  Sixes  1-5-3-6-2-4;  contacts 
open  .020  inch.     1920  Models  EII  and  EG,  Series  20;  F.  O.  1-6-3- 
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6-2-4;  contacts  open  .024  to  .029  inch.    Contacts  open  wlien  AD-SP 
mark  on  flywheel  is  at  indicator.    Spark  fully  advanced. 

Stutz.  1916-17-18;  P.O.  1-3-4-2;  contacts  open  .018  inch. 
Magneto  contacts  open  when  piston  is  at  top  dead  center.  Spark 
1^  inches  from  the  fully  retarded  position.  1919-20  Model  II; 
F.  O-  1-3-4-2;  contacts  open  .018  inch.  Contacts  open  when  piston 
is  at  top  dead  center.  Spark  1}  inches  from  fully  retarded  position. 
1921  Series  K;  P.O.  1-3-4-2;  contacts  open  .018  inch.  Contacts 
open  when  pbton  b  at  top  dead  center.  Spark  lever  1^  inches 
from  fully  retarded  position. 

Templar.  1918  Model  445;  P.O.  1-3-4-2;  Battery  contacts 
open  .020  to  .023  inch.  Magneto  contacts  o])en  .014  to 
.016  inch.  1920  Model  A445;  P.O.  l-:i-4-2;  contacts  oi)cn 
.015  inch.  Contacts  open  when  piston  is  at  top  dead  center. 
Spark  fully  retarded.  1921  Model  4-45;  P.  O.  1-3-4-2;  contacts 
open  .015  inch.  Contacts  open  when  piston  is  at  top  dead  ccMiter. 
Spark  fully  retarded. 

Vellc.  1917  Model  28;  P.O.  1-5-3-6-2-4;  contacts  open  .025 
inch.  Contacts  open  when  DC  mark  on  Awheel  is  I  inch  ])ast 
indicator.  Spark  fully  retarded.  1918-1919  Mo<lels  3S.  39,  39-7 
and  39  Sport;  P.O.  1-5-3-6-2-4;  contacts  ojx^n  .015  to  .018.  (\)n- 
tacts  open  when  DC  mark  on  flywheel  is  |  inch  past  indicator. 
Spark  fully  retarded.  1920  Model  4S;  P.O.  l-5-3-()-2-4;  contacts 
open  .006  inch.  Contacts  open  when  piston  is  at  top  dead  center. 
Spark  fully  retarded.  1921  Model  48;  P.O.  l-r>-3-(>-2-4;  contacts 
open  .006  inch.  Contacts  open  when  piston  is  at  top  dead  center. 
Spark  fully  retarded. 

WesteotL  1916  Models  45  and  51 ;  P.  O.  l-5-3-(;-2-4;  contacts 
open  .018  inch.  Contacts  open  when  mark  on  flywheel  is  1 J  inches 
pmst  indicator.  Spark  fully  retarded.  1917-18  Series  17  and  IS; 
P.O.  1-5^3-6-2-4;  contacts  open  .018  inch.  Contacts  o])cn  when 
DC  mark  on  flj'wheel  is  2  inches  past  indicator.  Spark  fully  re- 
tarded. 1919-20  Models  A48  and  A:iS;  P.O.  1-5-3-1 V2-I;  contacts 
open  .020  inch.  Contacts  open  when  piston  is  at  top  dead  center. 
Spark  one-third  advanced.  1920  Models  C4S,  A3S  and  C:\S\  F.  O. 
1-5-3-6-2-4;  contacts  open  .018  incli.  Contacts  open  when  DC 
mark  on  fl^'wheel  is  1§  inches  past  indicator.  Spark  fully  retarded. 
1921  Model  C48;  P.O.  1-5-3-6-2-4;  contacts  oi^en  .Ols  inch.     Con- 

161 


162  ELECTRICAL  EQUIPMENT 

tacts  open  when  DC  mark  on  flywheel  is  If  inches  past  indicator. 
Spark  fully  retarded. 

Willys-Knight.  1916  Model  48,  P.O.  1-3-4-2;  contacts  open 
,020  inch.  Contacts  open  when  top  DC  mark  on  fl^-wheel  is  2 J 
inches  past  indicator.  Spark  fully  retarded.  1916-17  Model  88-4; 
P.  O.  1-3-4-2;  contacts  open  .016  to  .018  inch.  Contacts  open  when 
DC  mark  on  flywheel  is  2 J  inches  past  indicator.  Spark  fully 
retarded.  1916-17-18  Model  88-8;  P.  O.  IR,  IL,  3R,  3L,  4R,  4L, 
2R,  2L;  contacts  open  .020  to  .025  inch.  Contacts  open  when  DC 
mark  on  flj-wheel  is  li  inches  past  indicator.    Spark  fully  retarded. 

1920  Model  20;  P.O.  1-3-4-2;  contacts  open  .018  inch.  Contacts 
open  when  piston  is  at  top  dead  center.    Spark  fully  retarded. 

1921  Model  20;  P.O.  1-3-4-2;  contacts  open  .018  inch.  Contacts 
open  when  piston  is  at  top  dead  center.  Spark  lever  fully 
retarded. 

Winton.  1915  Model  21  A,  1916-17  Models  22  and  22A;  P.  O. 
1-5-3-6-2-4;  contacts  open  .014  to  .016  inch.  Contacts  open  when 
piston  is  at  top  dead  center.  Spark  i  inch  from  fully  retarde<i 
position.  1920  Model  25;  P.O.  1-5-3-6-2-4;  contacts  open  .014  to 
.016  inch.  Contacts  open  when  piston  is  at  top  dead  center.  Spark 
fully  retarded.  1921  Model  25;  P.O.  1-5-3-6-2-4;  contacts  open 
.015  inch.  Contacts  open  when  piston  is  at  top  dead  center.  Spark 
fullv  retarded. 

Wiring.  Necessity  for  High'-Tension  Cables.  Mention  has  been 
made  of  the  fact  that  in  early  days  much  trouble  was  experiencetl 
with  poorly  insulated  and  poorly  mounted  wires.  This  was  par- 
ticuhirly  the  case  with  the  secondary  circuits,  the  insulation  of  which 
was  frequently  inadequate  to  carry  currents  at  the  high  potentials 
employed,  so  that  there  was  more  or  less  leakage.  This  was  further 
aggravated  by  the  chafing,  or  rubbing,  of  these  wires  against  moving 
parts.  The  former  trouble  was  eliminated  by  the  adoption  of 
specially  constructed  cables  which  are  tested  to  carry  30,000  volts. 
Cables  of  this  type  are  illustrated  in  Pig.  Ill,  which  also  shows  the 
cables  employed  for  electric  lighting  and  starting  installations,  where 
the  chief  difficultv  has  usuallv  been  the  selection  of  a  cable  of  too 

•  « 

small  a  carrying  capacity  for  the  current  used. 

The  importance  of  using  heavily  insulated  cables  for  both  the 
])rimary  and  secondary  cables  of  the  ignition,  and,  more  particularly 
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the  latter,  has  come  to  be  generally  understood,  and  cables  especially 
designed  for  this  service  have  now  been  in  use  for  a  number  of  years; 
but  the  importance  of  using  wiring  of  ample  capadty,  in  the  lighting 
and  starting  circuits,  is  not  so  well  appreciated.  In  the  former 
instance,  the  problem  was  one  of  insulation  only,  the  amount  neces- 
sary to  prevent  leakage  of  thew  secondary  current  not  being  fully 
reahzed  in  the  early  days;  nor  was  the  necessity  for  thoroughly  pro- 
tecting the  primary  cables  from  the  effects  of  oil  and  water  taken  into 
account.  Trouble  from  these  sources,  however,  have  long  since  been  a 
matter  of  the  past;  even  the  well-insulated  cables  now  in  general 
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where  the  available  potential  is  only  6  volts,  are  two  very  diflFerent 
things.  A  voltage  drop  of  one  to  5  volts  in  an  incandescent  lighting 
system  is  negligible.  A  drop  of  5  volts  below  the  1 10-volt  standard 
will  cause  a  perceptible  dimming  of  the  lamps,  but  the  life  of  the  lamp 
filaments  themselves  will  be  greatly  increased,  other  factors  remaining 
the  same,  so  that  the  loss  in  efBciencji  is  not  of  such  great  moment. 

Importance  of  Voltage  Drop.  But,  in  an  electric  starting  and 
lighting,  system,  the  loss  of  even  a  fraction  of  a  volt  due  to  the  wiring 
represents  a  substantial  falling  off  in  the  power.  As  mentioned  in  the 
introductory,  the  unit  of  potential,  or  voltage,  times  the  unit  of 
current  flow,  or  ampere,  equals  the  watt  or  power  unit,  and  there  are 
746  watts  in  an  electrical  horsepower.  Take  the  case  of  an  electric- 
starting  motor  with  an  unusually  long  connection  between  the  battery 
and  the  electric  motor.  Assuming  that  the  length  and  diameter  of 
this  wire  is  such  that  there  is  a  loss  of  1  volt  between  the  batterv 
and  the  motor  and  that,  at  the  moment  of  starting,  300  amperes  are  I 
required  to  break  away  the  engine,  i.e.,  free  the  pistons  and  bearings  i 
when  the  lubricating  oil  has  thickened  from  the  cold  so  as  to  bind  i 
them.  In  the  actual  power  consumed,  this  voltage  drop  represents  1 
300  X 1 ,  or  300  watts,  equivalent  to  more  than  |^  horsepower. 

The  loss  of  but  §  volt,  other  factors  remaining  the  same,  is  equiva- 
lent to  almost  ^  horsepower,  or  about  what  a  strong  man  can  exert 
for  a  limited  time.  This  appears  to  be  getting  things  down  pretty 
fine,  but  in  the  case  of  the  Dyneto  system,  the  manufacturers  specify 
that  the  cable  between  the  starting  motor  and  the  storage  battery 
must  be  large  enough  to  transmit  400  amperes  with  a  total  loss  not  to 
exceed  \  volt.  With  this  amount  of  current,  the  voltage  drop  in 
question  represents  100  watts,  or  nearly  +  horsepower.  Of  course, 
this  loss  only  takes  place  at  the  instant  of  starting,  but  that  is  just 
the  time  when  the  highest  efficiency  and  the  full  power  of  the  batter}' 
is  required.  Moreover,  the  starting  motor  frequently  has  to  be  oper- 
ated a  number  of  times,  especially  in  cold  weather  when  the  batter>' 
efficiency  is  at  its  lowest,  before  the  engine  will  start.  Even  at  the 
lower-current  values  necessary  for  turning  the  engine  over  after  it  has 
been  broken  away,  a  drop  of  one  volt  represents  an  appreciable  power 
loss,  as  the  current  consumed  is  anywhere  from  50  to  100  amperes. 
It  will  be  apparent  from  this  why  the  manufacturers  lay  such  empha- 
sis on  their  instructions  not  to  lengthen  connections,  if  avoidable, 
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and  then  only  to  use  wire  of  the  same  size  and  kind.  This,  of  course, 
does  not  apply  to  the  starting  motor  connection,  as  that  should 
never  be  lengthened  without  increasing  the  diameter  of  the  wire  to 
compensate  for  the  increase  in  length. 

Calculaiing  Size  of  Cable.  It  is  not  advisable  to  do  so  where  it 
can  possibly  be  avoided,  but,  when  made  necessary  by  the  fitting  of  an 
enclosed  body,  the  following  formula  should  be  used  for  calculating 
the  size  of  cable  that  should  be  employed: 

Maximum  current  X  10.7  X  number  of  feet  of  wire     . . 

=  diameter  or  cross- 

.26 

section  of  wire  in  circidar  mils 

For  example,  in  the  case  cited  above,  where  the  maximum  current 
at  the  instant  of  starting  is  300  amperes  and  the  distance  between  the 
battery  and  the  starting  motor  is  four  feet  (measured  from  battery 
to  switch  and  from  the  latter  to  the  starting-motor  terminal),  the 
size  of  wire  necessary  would  be: 

'- =  51,360  circular  mils 

.25 

As  shown  in  the  table  on  page  27,  which  gives  the  corresponding 
sizes  of  the  B  &  S  gage,  the  nearest  to  this  is  No.  3  wire  of  52,634 
circular  mils  cross-section,  but,  to  allow  for  a  factor  of  safety,  either 
a  No.  2  or  a  No.  1  wire  would  be  tiSed  for  such  an  installation.  Now, 
in  case  it  becomes  necessary  to  take  th6  battery  from  the  running 
board  close  to  the  engine  and  place  it  under  the  floor  of  an  enclosed 
body,  increasing  the  length  of  wire  needed  to  8  feet,  the  cross-section 
of  the  wire  required  would  be  102,720  circular  mils,  the  closest  gage 
number  to  this  being  the  No.  0  cable.  In  other  words,  doubling 
the  length  of  the  cable  would  make  it  necessary  to  double  its  cross- 
section  in  order  to  prevent  exceeding  the  minimum  permissible  drop 
in  the  voltage.  This  will  make  plain  why  some  of  the  amateur 
experiments  in  re-locating  the  essentials  of  an  electric  starting  system 
have  had  such  disastrous  effects  on  its  efficiency. 

Effect  on  Lights.  In  the  case  of  the  lamps,  the  effect  of  an 
increased  drop  in  the  voltage  is  not  so  serious;  though,  because  of  the 
very  low-battery  voltage  available,  what  would  otherwise  be  a 
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negligible  loss  assumes  important  proportions.  On  the  3-cell  6-volt 
battery  now  so  generally  used,  the  lamp  filaments  are  designed  to 
bum  to  full  brightness  on  a  potential  of  6  to  8  volts,  this  variation 
being  provided  to  compensate  for  the  difference  in  the  battery  voltage 
when  fully  charged  and  when  partly  discharged,  as  the  voltage  of  the 
battery  decreases  as  it  discharges,  dropping  to  but  1.50  volts  per  cell 
when  practically  exhausted,  or  a  total  of  4J  volts.  Even  if  receiving 
this  full  voltage,  the  6-volt  bulbs  would  bum  very  dimly,  but  there 
must  be  deducted  from  it  the  voltage  drop  due  to  the  wiring  and  the 
switches.  This  is  the  reason  why  the  brightness  of  the  lamps  (with 
the  generator  idle)  affords  such  an  excellent  indication  of  the  state 
of  charge  of  the  battery. 

It  will  be  apparent  from  the  above  that  a  drop  in  potential  of  but 
one  volt  in  the  lighting  circuit  would  cause  a  serious  loss  of  efficiency 
at  the  bulbs.  Assuming  that  the  headlights  consmne  4  to  5  amperes, 
and  applying  the  above  formula  on  the  basis  of  a  maximum  distance 
of  10  feet  from  the  battery,  it  is  found  that  a  No.  16  wire  is  necessarv; 
but,  in  order  to  provide  a  large  factor  of  safety,  nothing  smaller  than 
Xo.  14  wire  is  ordinarily  employed  for  the  fighting  circuits,  and,  in 
some  cases,  it  is  No.  12. 

Importance  of  Good  Connections.  Under  the  head  of  "Resist- 
ance", however,  attention  has  been  called  to  the  fact  that  not  alone 
the  length  and  size  of  the  connecting  wires,  but  also  aU  switches  and 
joints  are  factors  in  calculating  the  total  resistance  of  a  circuit. 
Conseciuentl y,  it  is  poor  practice  ever  to  make  a  joint  in  a  wire  where 
a  single  length  may  be  employed.  Whenever  a  wire  is  broken  by 
accident,  the  trouble  should  always  be  remedied  by  replacing  it  with 
an  entirely  new  piece  rather  than  by  making  a  joint  in  the  old  wire. 
Loose  connections  also  add  greatly  to  the  total  resistance  in  a  circuit, 
as  well  as  connections  in  which  the  contact  faces  of  the  terminals  are 
dirty  or  corroded.  In  replacing  or  tightening  connections,  care  should 
be  taken  to  see  that  the  parts  in  contact  are  scraped  or  filed  bright 
and  that  both  the  terminal  nut  and  its  lock  nut  are  screwed  down 
firmly.  The  switches  are  also  an  important  factor  where  voltage 
drop  is  concerned  and  switch  blades  or  contacts  that  are  dirty  or 
corroded,  or  that  are  not  held  firmly  in  contact  when  closed,  will 
be  responsible  for  an  appreciable  drop  in  the  voltage  that  will  become 
increasingly  perceptible  as  the  battery  becomes  discharged. 
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Some  Ignition  Cable  Pointers.  At  the  beginning  of  the  auto- 
motive industry^  but  little  attention  was  paid  to  high-tension  spark- 
plug wires.  Today,  however,  automotive  engineers  are  giving  this 
subject  more  serious  consideration,  realizing  the  importance  of  this 
unit  in  the  proper  operation  of  the  internal-combustion  motor. 
As  these  wires  are  required  to  carry  a  voltage  ranging  from  6000  to 
18,000  volts,  it  will  be  necessary  to  insulate  them  thoroughly.  The 
material  to  be  used  should  be  a  compound  which  has  high  dielectric 
characteristics.  The  reason  for  this  is  that  continual  satisfactory 
operation  of  the  ignition  depends  upon  the  quality  of  this  material. 

Ingtallations  Used.  Three  general  installations  are  used  in 
automobile  work:  (1)  open  wiring  between  distributor  and  spark 
plugs,  the  wires  being  supported  by  brackets  or  running  free;  (2) 
wiring  in  fiber  or  other  insulating  conduits;  and  (3)  wiring  in  groimded 
metal  conduit. 

Installation  No.  1  can  be  successfully  used  on  those  motors 
where  the  distance  between  the  distributor  and  the  spark  plugs  is 
short  and  thus  the  wires  will  be  prevented  from  striking  the  motor 
or  other  metal  and  injuring  their  insulation. 

The  disadvantages  of  this  installation,  however,  are  lack  of 
mechanical  protection  and  a  development  of  electrostatic  surface 
capacity  when  insulated  brackets  are  used.  If  the  wires  are  run 
through  holes  in  brackets  larger  than  the  wires,  the  insulation  will 
be  chafed  and  weakened.  On  the  other  hand,  if  the  wires  are  clamped 
in  position,  the  thickness  of  the  insulation  will  be  lessened  because 
of  compression. 

Installation  No.  2  offers  mechanical  protection,  but  it  has  the 
great  disadvantage  of  allowing  the  electrostatic  charge  to  attain  a 
high  pressure  before  discharging  to  the  ground. 

Installation  No.  3  can  be  used  advantageously  on  the  majority 
of  four-  and  six-cylinder  motors.  This  method  also  offers  mechan- 
ical protection  of  the  wires  and  greatly  reduces  the  strength  of  the 
electrostatic  charge,  but  this  t^T^e  of  assembly  is  likely  to  cause 
more  trouble  because  of  the  poor  insulation  of  the  porous  cables. 
Invisible  pores  may  be  present  in  the  insulation  and  allow  the  cur- 
rent to  discharge  through  these  pores  into  the  conduit  or  ground, 
thereby  weakening  the  current  at  the  plug  if  a  spark  occurs  in  that 
imit.    This  installation  also  offers  another  advantage  as  cross  fire 
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is  practically  eliminated.  The  current  lost  through  imot  insi 
tion  will  go  to  the  ground  and  not  take  a  path  through  anot 
porous  lead  into  the  wrong  combustion  chamber. 

High-tension  wire  failures  are  generally  due  to  one  of  the  foil 
ing  causes:  mechanical  stress,  heat,  chemical  action,  dielectric  str 

Mechanical  Stress,  A  conductor  of  sufficient  strength  to  w 
stand  ordinary  handling  and  vibration  and  possessing  suffici 
flexibility  is  seciu'ed  by  using  copper  stranded  wire  with  an  insu 
ing  material  whose  base  is  rubber.  Of  c*ourse.  injuries  result 
from  handling  high-tension  wires  should  be  taken  into  considerat 
Wires  should  be  guarded  to  secure  proper  protection.  Faults 
be  avoided  in  cHminating  unnect»ssary  mec^ianical  stresses  are  un> 
ported  wires,  tiglit  wires,  sharp  bends,  sharp  edges,  tightly  clam 
brackets,  or  brackets  with  holes  too  large. 

11  rat.  There  is  a  wide  variation  of  heat  under  the  autonm 
hood,  and  while  these  temperatures  are  seldom  high  enough 
endanger  the  rubber  insidation,  they  are  well  above  those  c 
ducive  to  its  normal  life.  When  the  motor  is  in  o|K»ration, 
temperature  seldom  exceeds  175°  F.,  but  this  temjxTature  may  ; 
to  about  200°  F.  for  a  short  periml  after  the  motor  is  stopptnl.  ( 
(lation  is  also  greatly  increased  by  the  additional  heat. 

Chrnn'ral  Art  ion.     (lasoline  is  a  very  destructive  agent  wl 
in  contact   with  rubber,  although  this  action  is  not  long,  as 
vai)orization  is  so  rapid.     Oil,  however,  does  not  evaporate  so  reai 
and  wluH  oiict^  in  contact,  continues  to  act  on  the  rubber,  greii 
weak(Miiiig  its  insulating  strength. 

PIrlicfrir    Sfrrss.     The    voltage    of    the    high-tension    curr 
jKis-iii.-:  tlironirh  these  leads  has  a  wide  range,  dept*nding  upon 
width  of  tlu*  spark  ^aj)  and  the  pressure  in  the  cylinder  at  the  ti 
the  spark  occurs.     \'arious  tests  indicate  the  voltage  to  be  betw 
00(10  and    ls,000.     The  dielectric  stress  is  generally  sufficient 
<ans('  a  brush  (li>(harL:t'  on  the  surface  of  the  insulating  wall  of 
hi^di-tcrision  had  at  points  where  this  lead  comes  in  close  proxin 
to  groinidcMl  met  a!  parts.     Thi^  is  es|KH'ially  true  when  wires 
(•ontain<'(l  in  a  irroundcd  nirtal  «'on(luit.     This  brush  discharge 
corona  produce-  o/onc  and  o\i(h'  of  nitrogen,  and  these  gases 
very  detrimental   to  the  in-^ulation.     For  instance,  the  gases  ^ 
atart  cracks  on  the  surface,  generally  near  the  bend  in  the  cal 
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Exhaustive  investigations  have  shown  that  this  cracking  in 
the  insulation  is  a  phenomenon  requiring  the  combination  of  several 
factors,  namely,  mechanical  stress,  electrification,  and  the  presence 
of  air.  It  is  well  knonn  that  ozone  actively  attacks  rubber,  and 
when  the  rubber  is  under  mechanical  stress,  the  products  of  ^faction 
are  pulled  apart,  forming  small  cracks  which,  when  started,  rapidly 
increase  in  size  until  the  insulation  is  open  to  the  cable. 

Plain  and  Braided  Cables.  Braided  eovers  over  the  insulation 
simply  conceal  this  cracking;  they  do  not  prevent  it.  Braided 
covering  also  absorbs  oil,  thus  producing  an  undesirable  action  as 
previously  stated.  The  proper  conductor  must  be  of  sufficient 
strength  to  prevent  its  breaking  under  ordinary  conditions,  and 
the  insulation  must  be  sufficiently  durable  to  withstand  mechanical, 
thennal,  dielectric,  and  chemical  conditions.  Insulation  will  gradu- 
ally fail  as  the  porosity  of  the  wall  increases.  This  p<iro8it\-  may 
increase  to  a  point  where  it  will  interfere  with  proper  spark-plug 
functioning  and  even  then  the  defect  will  not  be  visible, 

I'lain  and  braided  cables  formerly  were  extensively  used,  but 
a  larger  per  cent  of  assemblies  are  now  being  equipped  with  plain 
<'al>lf.'*.  Braided  cables  are  generally  used  where  it  is  necessary  to 
provide  additional  protection  against  mechanical  injury;  also  in  a 
few  <iiscs  when  the  temperature  is  somewhat  above  225°  F.,  In  which 
(■ii>e  the  insulation  softens  and  the  cable  is  in  danger  of  being  seri- 
iiusly  <lamaged  at  its  pointed  support.     With  the  foregoing  excep- 
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M^neto  Mounting.  A3  the  magneto  is  timed  exactly  with 
the  motor,  it  must  be  positively  driven  synchronously  with  it  at  a 
speed  depending  upon  the  number  of  cylinders.  This  is  crankshaft 
speed  on  a  four-cylinder  and  one  and  one-half  times  crankshaft  speed 
on  a  six.  It  has  become  standard  practice  to  a  very  large  extent  both 
here  and  abroad  to  mount  the  magneto  on  a  "pad"  or  shelf  attached 
to  the  crankcase  and  drive  it  from  a  special  auxiliary  shaft,  usually 
also  utilized  for  driving  the  water  pump  or  other  motor  auxiliary. 
Variations  from  this  are  to  be  found  in  the  Renault  and  a  few  other 
European  as  well  as  Americao  cars,  in  which  the  magneto  is  mounted 


at  the  forward  end  of  the  motor  and  driven  by  a  cross-shaft  and  helical 
gears  directly  from  the  crankshaft  of  the  motor.  The  only  advantage 
of  this  is  slightly  greater  accessibility.  In  any  case,  the  magneto  b 
not  permanently  fastened  but  is  simply  held  on  its  support,  against 
movement,  by  dowel  pins  in  the  base  and  a  strap  clamp  tightened  with 
a  thumb  nut,  as  shown  in  Fig.  1 12,  which  may  be  regarded  as  typical 
of  American  practice.  As  the  efficiency  of  the  magneto  depends  to  a 
considerable  extent  on  the  very  limited  clearance  between  its  arma- 
ture and  the  pole  pieces  of  the  field,  usually  termed  the  armature 
tunnel,  precautions  are  tiikon  to  avoid  placing  any  stress  on  it  that 
could  tend  to  disturb  this  accurate  alignment.  The  driving  shaft 
is  accordingly  provided  with  a  universal  joint,  the  long  familiar 
Oldham  coupling  being  much  used  in  tins  country  for  the  purpose. 
On  the  Pierce-Arrow  a  leather  disc  universal  drives  the  magneto  and 
also  cushions  the  armature. 
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I QN ITI  ON— (ConUnued) 
MODERN  BATTERY  IGNITION  SYSTEMS 

Effect  of  Starting  aod  Luting  Developments  on  Ignition. 
Prior  to  the  advent  of  the  electriaJ  starting  and  lighting  systems, 
the  magneto  had  reached  a  degree  of  development  that  appeared  to 
leave  not  the  slightest  doubt  as  to  its  representing  the  ultimate  type 
of  ignition  current  generator.  With  the  installation  of  a  direct- 
currentgeneratorcapable 
of  supplying  more  than 
enough  current  for  light- 
ing and  starting  the  car 
and  charging  a  storage 
battery  of  high  capacity, 
however,  it  appeared  that 
there  was  a  duplication 
of  electrical  apparatus 
for  which  there  was  no 
good  economic  reason. 
In  other  words,  with  such 
an  ample  and  reliable 
source  of  current  on  the 
car  as  that  presented  by 
the  charging   generator 

and  storage  battery,  why  continue  the  magneto?  There  is  no  sound 
reason  why  one  electrical  system  should  not  combine  all  three  functions 
of  ignition,  lighting,  and  starting,and  this  has  been  successfully  carried 
out  on  the  Cadillac  for  several  years  past,  while  the  Reo  and  other 
makes  have  more  recently  followed  suit. 

Generator  Design  Follows  Magneto  Precedent  Several  gen- 
erator designs  have  been  developed  which  resemble  that  of  a 
magneto.     In  the  Westingbouse  generator.  Fig,  113,  and  the  Item;-, 
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Fig.  114,  their  contact  breakers  are  of  the  magneto  t>-pe,  as  vU 
plain  from  the  Remy,  Fig.  62,  and  the  Westinghouse,  Fig.  115 
cite  but  two  examples  of  a  number.  In  the  case  of  the  AVestingbc 
the  objection   previously   held   against   battery   ignition — tha 


Fie.  ll^. 


required  nmch  more  manipulation  of  the  spark  advance  levc 
obtain  efficient  motor  running — has  been  overcome  by  the  provi 
()f  a  (fiitrifugally  operate<l  automatic  advance  device.  Fig.  ll.'j,  s 
lar  in  ])rintiple  and  results  to  the  Eisemann  and  Ilerz  devices,  I 


111 


I  lllj,  lliouirli  'lilViTini,'  I'mni  thcni  in  construction.  ' 
iistriliutiirs  ciniilnycd  jirc  iiMilii'Mlly  identical  ivith  those  usol 
nafincliis.  lint  :dl  rfscinliLnirt'  ilUiijipcars  when  the  machim 
lismantlctl.  Fig.  11(1,  rcvciilirij;  a  cunipact  direct-current  genera 
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FI(.  lis.    DataiU  Wotln^uuH  LUhtini  and  Ignition  OuMnXor 

TYPICAL  ARRANQEMENTS 

Westingfaouse  Ignitkta  Unit  This  is  a  combination  of  all  the 
.sentials  of  magnetic  ignition,  i.e.,  the  interrupter,  distributor, 
duction  coil,  and  condenser,  brought  together  in  a  compact  unit 
lapted  for  mounting  either  on  the  lighting  generator  itself  or 
rectly  on  the  engine.  It  supersedes  the  type  of  ignition  and 
!;hting  generator  previously  described  and  which  now  will  be  found 
ily  on  cars  of  earlier  models.  As  will  be  noted  in  Fig.  117,  its 
>mponent3  are  the  counterparts  of  the  same  essentials  on  the 
agneto,  except  that  the  btemipter  cam  has  four  lobes,  so  that  no 
irther  description  is  necessary. 

Fig,  lis  is  a  wiring  diagram  of  the  connections.  The  interrupter 
id  condenser  are  located  at  the  bottom  of  the  housing  with  the 


T\t-  ItT,     DeUila  of  WntiDshouH  IcnitloD  Unit 
CmrUtii  of  WeHinflunm  BUdrie  and  Manu/acliinng  Ctmpani/,  Bail  PtUifrurpI,  Pmuvlmnia 

duction  coil  above  and  the  distributor  at  the  top.    To  prevent  an 
:ce33ive  amount  of  current  passing  through  the  ignition  unit,  a 
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"ballast  resbtor"  is  connected  in  series  with  it.  This  is  a  resistance 
unit  which,  in  the  various  models,  is  combined  either  with  the  switch 
or  with  the  fuse  box,  or  may  be  mounted  independently.  In  case 
this  resistance  unit  should  become  inopera^ve  for  any  reason,  the 
car  may  be  run  by  replacing  it  with  a  standard  5-ampere  fuse  cart- 
ridge. A  fuse  of  larger  capacity  than  this  should  not  be  used  and 
the  car  should  not  be  run  any  longer  than  absolutely  necessarj'  with 
the  fuse  in  place,  as  the  in- 


To  Sfiif*  PluiS 


terrupter  contacts  would  be 
badly  burned.  The  working 
of  the  interrupter  contact; 
may  be  inspected  by  loosen- 
ing the  set  screw  at  tlit 
bottom  of  the  housing  atnl 
lifting  the  distributor  an  inch 
or  so.  Fig.  119. 

Atwater-Kent  System. 
The  Atwater-Kent  system  i 
based  on  a  "single  spark 
intemipter  and  was  t)ie 
piooeer  in  making  battery 
ignition  successful  on  the 
modem  automobile  before 
the  advent  of  the  perfected 
lighting  generator.thecurreiit 
source  usually  being  a  dry-ceil 
battery.  It  was  considered 
an  advantage  in  earlier  years 
to  produce  a  series  of  high- 
tension  sparks  in  the  cylinder 
on  the  theory  that,  if  the 
first  failed  to  explo<le  the  charge,  it  would  be  fired  by  the  subsequent 
sparks.  The  fallacy  of  this  long  since  became  apparent  and  the 
reason  therefor  luis  hccii  dwelt  upon  already.  The  Atwater-Kent 
interrupter  is  typical  of  devices  of  this  class  which  have  been 
developed  since  and  as  it  is  fitted  on  thousands  of  cars  which  come 
to  the  repair  man's  attention  at  one  time  or  another,  a  detailed 
description  of  its  working  is  given  here. 
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Operaiian  of  "Unisparker".  The  ratchet  A ,  Fig.  120,  has  as  many 
notches  as  there  are  cylinders  to  be  fired.  It  is  mounted  on  the 
central  vertical  shaft  of  the  device  which  also  carries  a  distributor, 
and  in  this  combined  form  is  known  as  a  "Unisparker".  On  four- 
cycle engines  it  is  driven  at  half  crankshaft  speed,  and  at  crankshaft 
speed  on  tvro-cycle  engines  (motor  boats).  The  ratchet  A  engages 
the  lifter  B,  and,  as  A  rotates,  its  teeth  or  notches  successively  tend 
to  draw  B  with  them,  against  the  tension  of  the  spring  C.    In  doing 


1 
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so,  the  head  of  B  strikes  the  swinging  le\'er  or  "hammer"  I),  whose 
motion  in  both  directions  is  limited  as  shown,  and  the  hammer 
conmiunicates  the  blow  to  the  contact  spring  E,  bringing  the  con- 
tact points  together  momentarily,  E  is  a  compound  spring,  the 
straight  member  of  which  carries  the  movable  contact,  while  the 
stationary  contact  F  is  mounted  opposite  it.  The  second  member 
of  thb  compound  spring  is  curved  at  its  end  to  engage  the  straight 
member.  Ordinarily  the  straight  spring  blade  is  held  under  the 
tension  of  ^e  curved  blade  and  the  contact  points  are  held  apart. 
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When  the  curved  blade  is  struck  by  the  hammer  D  the  points  con- 
tact. The  curved  blade,  however,  is  thrown  over  farther  by  the 
impact  and  its  hook  leaves  the  straight  blade.    Upon  reaching  the 


>l«r-K«n(  InMnupWr 


limit  of  its  movement  it  flits  buck  and  strikes  the  end  of  the  straight 
blade  a  blow  caiisiiij;  a  vtry  sharp  break  of  the  circuit.  This  move- 
ment is  BO  extn.'nu'ly  nipid  tliat  it  cannot  be  detected  by  the  unaided 
eye,  so  tliat  its  working  cannot  be  tested  simply  by  vatching  the 
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Jon  of  the  contacts  as  in  the  cose  of  a  magneto  interrupter, 
and  D,  of  Fig.  120,  show  the  successive  movements  of  the  parts 
;  a  single  pliase.  In  A,  a  notch  of  the  ratchet  has  engaged  B 
drawing  it  against  the  tension  of  the  spring  C.  In  the  .second 
I  B,  the  hook  is  released.  In  C,  the  lifter  is  riding  back  over 
lunded  portion  of  the  ratchet  and  striking  the  hammer  D, 
in  turn  pushes  E  for  a  brief  instant  against  F.  The  return  of 
he  position  shown  in  sketch  Z/  is  so  rapid  that  the  eye  car  not 
the  movement  of  the  parts  D  and  E,  which  to  all  appearances 
1  stationaty. 

djustment  of  the  contact  points  is  made  by  removing  one  of 
in  washers  from  under  the  head  of  the  contact  screw  F,  and 
tp  should  be  ,010  to  .012  inch,  never  exceeding  the  latter. 
!    more   accurate    means   of 
lining  this  distance  are  not  ^jf 

ble,  it  may  be  gaged  with  a  ^5 

of  manila  wrapping  paper 
should  be  perfectly  smooth, 
the  aid  of  a  "mike"  (microm- 
,  sheet  of  paper  of  the  proper 
ess  can  be  selected.  The  con* 
are  of  tungsten  and  as  the 
g  parts  ere  all  of  glass-hard 
very    accurately   machined,        r„  ui. 
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right.  The  primary  of  the  coil  is  not  grounded,  insulated  le 
being  connected  to  the  two  binding  posts  of  the  interrupter, 
shown.  The  grounding  of  the  secondary  winding  of  the  coil 
effected  through  the  metal  holding  band  and  the  bolts  fastened 
the  bed  plate.  A  glass  tube  is  employed  to  house  the  safety  | 
which  is  mounted  under  the  cover  of  the  coil. 

Aviomatic  Switch.  The  purpose  of  the  automatic  switch,  1 
123,  is  to  open  the  circuit  in  case  the  switch  button  has  been  left 
with  the  car  stopped.  The  current  passing  with  the  contacts  clos 
when  the  engine  is  idle,  is  much  greater  than  when  it  is  constar 
being  interrupted  by  the  rapid-iSre  action  of  the  cam,  but,  unlil 
'*'•  circuit-breaker,  the  device  is  not  designed  to  act  instantly  up)on 

passing  of  an  overload  current  as  this  would  prevent  cranking 


I  motor.    The  device  consists  of  a  thermostatic  arm  regulated 
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;  the  adjustment  screw  at  the  top  of.  the  figure,  an  electromagn< 
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vibrator  the  armature  of  which  carries  a  hanmier,  and  the  necess 
connections.  Current  enters  at  either  the  right-  or  left-hand  sc 
at  the  bottom,  according  to  whether  the  switch  is  closed  at  the  enc 
the  sectors  at  the  right  or  left  of  the  figure  {M  or  B  on  the  swi 
cover  plate),  and  flows  through  the  heater  tape  on  the  arm  of 
thermostat  to  the  screw  at  the  upper  right  in  the  figure.  1 
heater  tape  is  a  resistance  that  becomes  warm  upon  the  passag< 
a  certain  amount  of  current  for  a  short  time  and,  with  an  inert 
in  temperature,  causes  the  arm  of  the  thermostat  to  bend  u 
it  makes  contact  with  the  upper  thermostatic  arm.  This  p 
the  windings  of  the  magnet  in  circuit  through  the  post  just  be 
the  magnet  coils  and  sets  the  vibrator  in  motion,  causing 
hannner  on  the  armature  to  strike  the  switch  button  and  open 
Fig.  124  is  a  typical  wiring  diagram  in  connection  with  the  lighl 
system,  the  automatic  switch  being  combined  with  the  lighl 
switch. 

Remy  System.  The  relation  that  the  various  essentials  c 
battery -ignition  system  of  the  types  here  described  bear  to  e 
other  is  made  clear  by  glancing  at  the  graphic  wiring  diagran 
the  Remy  system,  Fig.  125.  The  starting  switch  shown  at  the 
has,  of  course,  no  connection  with  the  ignition  system  but  is  inclu 
in  the  illustration  because  the  current-supply  wire  for  the  latte 
connected  to  one  terminal  of  the  starting  switch  instead  of  b^ 
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right.  The  primary  of  the  coil  is  not  grounded,  insulated  lea 
being  connected  to  the  two  binding  posts  of  the  interrupter, 
shown.  The  grounding  of  the  secondary  winding  of  the  coil 
effected  through  the  metal  holding  band  and  the  bolts  fastened 
the  bed  plate.  A  gUss  tube  is  employed  to  house  the  safety  g 
which  is  mounted  under  the  cover  of  the  coil. 

Avtomatui  Swiiek.  The  purpose  of  the  automatic  switch,  F 
123,  is  to  open  the  circuit  in  case  the  switch  button  has  been  left  • 
with  the  car  stopped.  The  current  passing  with  the  contacts  close 
when  the  engine  is  idle,  is  much  greater  than  when  it  is  constant 
being  interrupted  by  the  rapid-fire  action  of  the  cam,  but,  unlike 
orcuit'breaker,  the  device  is  not  designed  to  act  instantly  upon  t 
passing  of  an  overload  current  as  this  would  prevent  cranking  t 
motor.  The  device  consists  of  a  thermostatic  arm  regulated  1 
the  adjustment  screw  at  the  top  of.  the  figure,  an  electromagne 
vibrator  the  armature  of  which  carries  a  hammer,  and  the  necessa 
connections.  Current  enters  at  either  the  right-  or  left-hand  sen 
at  the  bottom,  according  to  whether  the  switch  is  closed  at  the  end 
the  sectors  at  the  right  or  left  of  the  figure  {M  or  B  on  the  swit 
cover  plate),  and  flows  through  the  heater  tape  on  the  arm  of  t 
thermostat  to  the  screw  at  the  upper  right  in  the  figure.  Tl 
heater  tape  is  a  resistance  that  becomes  warm  upon  the  passage 
a  certain  amount  of  current  for  a  short  time  and,  with  an  increa 
in  temperature,  causes  the  arm  of  the  thermostat  to  bend  un 
it  makes  contact  with  the  upper  thermostatic  arm.  This  pi 
the  windings  of  the  magnet  in  circuit  through  the  post  just  belc 
the  magnet  coils  and  sets  the  vibrator  in  motion,  causing  t 
hammer  on  the  armature  to  strike  the  switch  button  and  open 
Fig.  124  is  a  tj'pical  wiring  diagram  in  connection  with  the  lighti 
system,  the  automatic  switch  being  combined  with  the  lighti 
switch. 

Remy  System.  The  relation  that  the  various  essentials  of 
battery-ignition  system  of  the  types  here  described  bear  to  ea 
other  is  made  clear  by  glancing  at  the  graphic  wiring  diagram 
the  Kemy  system,  Fig.  125.  The  starting  switch  shown  at  tlie  I 
has,  of  course,  no  connection  with  the  ignition  system  but  is  includ 
in  the  illustration  because  the  current-supply  wire  for  the  latter 
connected  to  one  terminal  of  the  starting  switch  instead  of  bei 
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taken  directly  to  the  battery.  This  is  done  ^ply  to  save  wire. 
The  source  of  current  supply  is  the  storage,  and,  aa  is  the  case  with 
all  one-wire  systems,  one  side  of  the  battery  is  grounded,  as  shown. 
Similar  ground  connections,  necessary  to  complete  the  circuit,  will 
be  noted  at  the  various  units  of  the  system.  The  colors  mentioned 
in  connection  with  the  various  wires  are  those  of  their  insulation, 
which  serves  to  identify  them. 

Detecting  Grounds.  All  current  used  by  the  ignition  system 
passes  through  the  ammeter,  which  thus  serves  as  a  method  of  de- 
tecting grounds.     For  example,  if,  with  the  engine  idle  and  all  lamps 


GJourullbrromi  J3fstri6utfr 


Flc.  125,    EnentiBli  of  Battery  Ignition  Syitem 


turned  off,  the  ammeter  registers  a  discharge,  it  indicates  a  leak  in 
the  system.  By  disconnecting  the  wires  leading  to  the  lamps,  relay, 
and  ignition  switch  in  turn,  the  particular  part  of  the  system  in  which 
the  fault  lies  may  be  detected.  If,  for  instance,  the  ammeter  needle 
immediately  drops  back  to  zero  upon'  disconnecting  the  lead  to  the 
ignition  switch,  it  indicates  that  the  leak  is  in  some  part  of  the 
ignition  system;  if  it  still  indicates  a  discharge  after  disconnecting 
this  lead,  it  shows  that  the  leak  is  in  one  or  the  other  of  the  two  re- 
maining parts  of  the  system  to  which  the  wires  in  question  lead, 
and  it  may  be  found  by  continuing  the  process  of  elimination  further. 
Should  the  ammeter  still  show  a  discharge  reading  after  disconnecting 
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all  three  of  these  wires,  the  trouble  would  lie  either  in  the  starting 
switch  or  in  the  cable  connecting  it  with  the  battery.  Thb  could  be 
proved  by  disconnecting  the  switch  from  the  battery  and  running  an 
independent  lead  from  the  battery  to  the  ammeter,  temporarily. 
There  is  always  a  possibility,  of  course,  that  the  fault  may  lie  in  the 
ammeter  itself.  A  current-measuring  instrument  is  necessarily  of 
delicate  construction  and  is  apt  to  suffer  from  the  vibration  and  jolt- 
ing. Before  carrying  out  all  the  above  tests,  make  certain  that 
the  ammeter  needle  has  not  become  stuck. 

Ignition  Switch.  From  the  anmieter,  Fig.  125,  the  current  passes 
to  the  ignition  switch  of  the  reversing  type,  that  is,  it  serves  to 
change  the  direction  in  which  the  current  flows  every  time  it  is  turned 
on.  For  the  purposes  of  either  ignition  or  lighting,  it  is  immaterial 
in  which  direction  the  current  flows,  but  the  latter  has  an  important 
bearing  on  the  life  of  the  expensive  contact  points  in  the  interrupter. 
As  has  been  explained  previously,  the  passage  of  a  current  through 
contact  points  or  across  a  gap  tends  to  transfer  the  material  of  the 
positive  electrode  to  the  negative,  resulting  in  the  formation  of  a 
cone  at  the  positive  and  a  crater,  or  hollow,  at  the  negative.  WTien 
the  points  have  worn  to  this  condition  through  long  service,  the 
contact  is  poor  and  uncertain,  while  the  points  are  apt  to  stick,  and 
to  put  them  in  good  working  order  means  filing  away  some  of  the 
platinum  which  is  more  costly  than  gold.  The  use  of  a  reversing 
switch,  which  alternately  makes  the  same  point  positive  and  negative, 
keeps  both  contacts  in  better  condition  for  a  greater  length  of  time. 

One  side  of  the  ignition  switch  is  grounded  on  the  oiler,  through 
which  the  current  passes  to  the  frame  to  which  the  oiler  or  its  support 
is  attached.  This  particular  connection  is  merely  a  matter  of  con- 
venience and  is  only  another  instance  of  saving  wire.  The  wiring 
diagram  in  question  shows  the  installation  of  the  Remy  system  on 
the  Scripps-Booth  four-cylinder  chassis;  on  other  machines,  the 
ground  connection  will  usually  be  found  in  some  equally  convenient 
point  close  to  the  switch.  The  two  remaining  connections  from  the 
ignition  switch  run  to  the  coil  and  the  interrupter,  or  contact  breaker, 
respectively,  and  complete  the  j)riniary  circuit. 

Interrupter  and  Disirihutor.  The  interrupter  is  enclosed  in  the 
same  housing  as  the  distributor,  Fig.  125,  and  is  directly  below  it. 
As  with  a  magneto,  the  coil  is  grounded  by  attaching  it  to  its  pedestal 
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on  the  car,  the  plate  abown  aerving  as  a  ground  connection  for  one 
side  of  both  the  condenser  and  the  secondary  windings  of  the  coil. 
Consequently,  but  one  connection  for  the  primary  circuit  and  one 
for  the  secondary  circuit  need  be  made  from  the  coil  to  the  interrupter. 
By  tracing  the  connections  just  described,  it  will  be  plain  that 
when  the  contacts  of  the  interrupter  are  closed,  current  flows  from 
the  battery  through  the  primary  of  the  coil.  The  revolving  members 
of  both  the  interrupter  and  the  distributor  are  mounted  on  a  vertical 
shaft  driven  by  helical  gearing  from  one  of  the  half-time  shafts  of 
the  engine.     When  the  cam  on  this  shaft  opens  the  contact  points 
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of  the  interrupter,  the  primary  circuit  is  suddenly  broken,  and  a 
high-tension  current  is  induced  in  the  secondary  winding  of  the  coil. 
As  the  revolving  member  of  the  distributor  is  timed  to  make  contact 
with  one  of  its  stationary  segments  every  time  the  contacts  of  the 
interrupter  open,  the  secondary  current  is  led  to  one  of  the  spark 
plugs.  The  occurrence  of  the  spark  at  the  plug  is  practically  simul- 
taneous with  the  opening  of  the  interrupter  contacts. 

Deico  System.  'A  magneto-type  interrupter,  substantially  sim- 
ilar to  that  of  the  Connecticut  system  except  that  it  is  provided 
with  an  automatic-spark  advance,  is  used,  as  shown  in  Fig.  126. 
The  arm  B  carries  the  movable  contact  Z)  and  a  fiber-striking 
lug  which  bears  against  the  four-part  cam  and  is  lifted  by  its  revo- 
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lution  against  the  tension  of  the  leaf  spring  held  against  the  inner 
wall  of  the  housing.  The  stationary  contact  is  at  C  and  13  adjusted 
by  means  of  the  screw  and 
locked  in  place  by  the  nut 
A',  These  contacts  should 
be  30  adjusted  that  whec 
the  fiber  block  on  B  is  011 
top  of  one  of  the  lobes 
of  the  cam,  the  contact.-; 
should  open  sufficiently  ti> 
allow  the  gage  on  the  dis- 
tributor wrench,  provided 
with  the  system,  to  close 
the  gap.  As  in  the  Con- 
necticut interrupter,  the 
contacts  normally  remain 
closed,  being  opened  mo- 
mentarily by  the  cam,  which  has  as  many  projections  as  there  are  cyl- 
inders to  be  fired.  This  is  the  latermodeIofDelcointerrupter(1916). 
Earlier  Modd  Itdei- 
"^^uwi^Tk^t^h^an  TupUr.  In  an  earlier  model 
which  will  be  found  on  a 
great  many  cars,  the  con- 
tacts are  nonnalty  held 
open,  Fig.  127.  The  mov- 
able contact  is  carried  on 
a  straight  spring  blade  to 
which  is  attached  a  bent 
spring  blade  B  held  against 
the  cam  by  the  spring  E. 
The  latter  also  places  the 
spring  C  under  slight  ten- 
sion and  holds  the  mov- 
able contact  away  from 
the  stationary  contact  D. 
When  the  projection  of  the 
cam  strikes  ttir  ruiscil  |nirtii>n  of  /f,  it  deflects  the  latter  and  allows 
thecoiitaet  points  turimic  tofTclIiiT.     As  it  passes  the  bump  on  B,  E 
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draws  B  back  sharply,  its  end  strikes  C,  and  the  contacts  are  suddenly 
opened,  the  duration  of  the  contact  varying  with  the  speed  of  tlie 
engine. 

Timer  with  Resistance  Unit.  Mention  has  been  made  of  tlie  fact 
that  the  contacts  of  the  iiitemipter  in  tlie  Iwttery  system  of  ignition 
are  normally  closed,  just  as  they  arc  in  the  magneto  interrupter, 
only  the  circuit  being  opened  at  this  point  nt  the  time  of  ignition. 
Owing  to  the  rapidity  of  their  action  and  the  extremely  short  interval 


between  contacts  in  the  interrupter  of  h  liijrh-speeil  engine,  this  falls 
for  a  verj'  small  currtrnt  amsumptinn.  Should  the  ignition  switch 
be  left  closc<l  when  leaving  the  car,  ho\\c\('r,  the  timer  cam  is  just 
as  likely  to  stop  in  the  closed  iH>sition  as  in  the  o|)en,  and  this  small 
steady  discharge  will  result  in  exhausting  the  storage  bsittery.  To 
prevent  this  waste  of  current  anil  |H)ssihle  damage  to  the  ectntacts 
and  coil,  a  later  type  of  timer  has  been  provided  with  a  resistance 
unit.  This  is  shown  on  the  left-hand  terminal  of  the  timer,  Fig.  128, 
which  illustrates  the  type  used  on  the  Cole,  among  others.    The  unit 
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consists  of  a  small  open  coil  of  high-resbtancc  wire  woiiinl  upon  a 
porccliiiii  sjiool  iiioiinted  on  the  head  of  the  teriniiuil. 

All  llie  current  pivssiiig  through  the  tiuior  imM  fu>t  ii;i--=- 
lliitmgh  tliis  re.»istance  witidiiig,  but,  owing  to  the  extreiuvly  .-li"ii 
period  it  coiitiTiucs  iH'tvvccii  inti^rruptionrt  due  to  the  oin-ning  of  lln,' 
contaet  points,  the  rpsislaiicc  wire  rfiii;iiii!^  cool.  When  t)io  switih 
hiL=  \)wn  left  on  with  the  engine  idle,  liowevi.T,  the  current  is  ihtu 
contimiousandofgrcntci 
vidne,  nnd  it  brings  tli. 
resistance  wire  to  a  nil 
heat  ia  a  comparatively 
short  time.  At  this 
temperature,  its  resist- 
ance increases  so  greatly 
that  it  permits  very  lit- 
tle current  to  pass.  It 
will  also  be  noted  that 
the  condenser  is  mounted 
on  the  timer  in  this  case. 
As  the  spark  occurs 
at  the  instant  the  timer 
contacts  are  opened,  ttie 
ignition  timing  may  ho 
altered  by  moving  cam  B 
with  relation  to  its  sliaft, 
which  is  done  by  loosen- 
ing screw  A.     Turning 

— the  cam  in  a  clockwi«- 

fie.  i.w-   ritht-fyiini-r  nUfrii.nii.r  .iii.i  Driw  (Dciro)      dircction,  Of  to  the  right, 
(■■■■,ri..i,''/]M:,'-!,  t:-.-r-<-':- 1  i-i'-"-i!-rv '  i-'-minnii.       advauces the  time  ofigril- 

""  ' "  tion,  and  to  the  left,  or 

coiinter-tlockwiso,  retsnils  it.  Tlie  distributor  used  in  connection 
with  tliis  tiiniT  Is  jirovided  with  automatic  spark  advance,  as  well 
as  with  the  usual  manual  control  on  the  steering  wheel.  Tj-pical 
distributors  for  fi\x--,  lUfrlit-,  and  twelve-cylinder  installations  oXf 
sliown  in  Figs.  VIW,  Ml),  jmd  I^il.rfspi'ctivelyjthe  first  being  found 
in  the  1917  Dodge,  the  ^second  in  llie  1917  Cadillac,  and  the  third  in 
the  1917  Ilaynes.    In  I-'ig.  W'.'Z  la  illustrated  a  dual-type  timer 
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having  independent  interrupter  contacts  for  both  tlie  Iiiittcry  and 
the  magneto.  Apart  from  this  feature,  its  c<instruction  is  the  same. 
This  type  is  employed  on  the  Oakland. 

New  liosch  Battery  Magneto  System.  The  American  Hosi-h 
Magneto  Company,  SprinRfipId,  Massachnsetts,  lias  re<-ently  an- 
nounced a  new  addition  to  the  Bosch  family,  it  hv'mfc  iti  the  form  of 
a  battery  ignition  system  Iiuilt  along  tlic  same  .standard  of  tjnality 


Fig.  131.  Twi'li-p-TylindiTDi'lriiDi^iri' 


and  design  that  ha.s  heen  prevalent  in  this  orgunimtion  from  its  very 
beginning.  This  instrument  has  Iwen  in  the  ('(inr>e  of  clevelojmient 
for  the  past  four  years  and  it  is  now  placed  on  the  market  to  fulfill 
the  demand  of  manufacturers  in  the  automotive  ituUistries  tluit  wish 
a  fine-appearing  and  excellently  formed  ajipiiratus. 

(inieral  Dexrripiwti.    The  )>atter\'  s>stpm  as  manufactured  by 
the  liosph  <'ompuny  consists  of  a  timer-<listriI>ntor  ami  H  coil.     The 
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timer-distributor  can  be  furnished  in  two  types,  "T"  and  "T  M." 
Type  "T"  system.  Fig.  133,  is  known  as  the  Bosch  Compensstinf; 
Batterj'  Ignition  System  and  includes  a  governor  that  operates  a  cam 
so  that  in  accordance  with  the  characteristics  and  the  speed  of  the 
engine  the  exact  corresponding  "advance"  is  given  the  ignition  spark, 
thus  making  it  posaible  to  secure  the  ver>'  best  performance  from  an 
ignition  system  that  is  not  controlled  by  manual  means.  The  tj^pe 
"T  M"  system  is  identical  in  general  with  the  type  "T,"  but  differs 


Fig.  132.  Ddro  Dual  Type  Timer  with  Tvo  Seta  of  CoDtnctg 

in  thiit  the  compensating  feature  is  omitted,  the  spark  timing  being 
controlled  nuinuiilly. 

IMaih  iif  CimxfTiiriiim.  Each  one  of  these  battery  ignition  sys- 
tems consists  of  main  liousing,  interrupter  cup,  compensating  feature, 
distributor,  ami  ignition  coil.  The  main  housing  or  shell  of  the  timer- 
distributor  unit  is  luiule  of  gray  iron  iind  is  constructed  of  sufGdent 
depth  foaccoiniiiixlaic  tlir  gii\criiiir  of  t lie  compensating  mechanism. 
The  shell  for  the  l\i)c  "T  M"  sy>leni  naturally  does  not  need  to  be 
as  deep.  Ventilntion  is  taken  earr  of  in  these  breaker  chambers  so 
that  the  formation  of  nitric  acid  gas  wliich  is  always  present  when 
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sparks  occur  in  air-tight  chambers  will  not  cause  any  damage.  This 
ventilation  is  accomplished  through  the  spring  clip  rivets  which  are 
tubular.    The  advance  lever  is  a  one-piece  forging  so  constructed 


Kg.  133.    Typo  "T"  Bfe; 


that  it  can  be  clamped  in  any  position  on  the  unit.  The  timing  of 
the  enpne  can  thereby  be  very  easily  changed  by  loosening  the  screw 
on  this  arm  and  turning  the  ignition  unit  in  the  desired  direction. 
This  naturally  changes  the  relation  of  the  breaker  to  the  cam.    Both 
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the  manual  and  the  compensating  form  of  regulation  can  be  used  if 
it  is  so  desired.  This  combination  is  sometimes  advantageous  when 
conditions  such  as  a  hot  engine  are  encountered.  The  lubrication  of 
the  bearing  in  the  compensating  system  is  accomplished  by  mi 
of  the  splash  system.  An  oil  cup  is  in  the  h&se  of  the  main  housing 
and  permits  the  lubrication  to  be  fed  through  the  proper  level  into 
a  sump  within  the  shell.  When  the  timer  shaft  with  the  governor 
mounted  thereon  starts  to  rotate,  the  governor  ring  dips  into  the  oil 
and  thoroughly  sprays  all  the  parts.  The  shaft  bearings  are  lubri- 
cated by  capillary  action  through  a  felt  wick  leading  from  the  sump 
to  the  shaft.  The  manual  system  b  lubricated  in  the  original  method 
which  is  generally  the  wick  system.  Although  the  lubrication  of 
these  parts  is  more  or  less  automatic,  it  is  well  to  frequently  examine 
and  lubricate  them,  for  lack  of  oil  will  cause  the  compensating 
mechanism  to  stick  with  the  consequent  sluggish  automatic  advance. 
Interrupter.  The  interrupter,  or  breaker  point,  is  assembled  in 
a  cup  which  also  accommodates  the  condenser.  Fig.  134.  The  entiri' 
unit  can  easily  be  removed  for 
inspection  without  disturbing; 
any  of  the  component  parts  of 
the  electrical  connection.  The 
low  tension  terminal  that  con- 
nects the  primary  is  also  carrie>l 
by  the  cup  itself.  The  inter- 
"""block  rupter  cup  is  seated  on  a  ledge  so 
as  to  secure  and  maintain  the 
interrupter  lever  in  proper  vertical 
relation  to  thecam.  Athtimbnni 
.secures  the  cup  in  position  and 
provides  handles  for  lifting  the 
cup  out  f<ir  inspection.  When  this  unit  is  assembled,  the  cup  slightly 
projccts  above  the  main  bousing  and  thus  secures  the  proper  locatioii 
of  the  distribiitur  cap  which  fits  over  it.  The  interrupter  lever  Is 
made  from  onc-piecc  steel  cjistiiiK.  copiwr  and  nickel-plated.  Its  con- 
struction is  sucli  that  it  pnividcs  ji  very  light  but  strong  lever  ami 
the  spring  teiisiixi  r<'<|iur(ii  lor  its  ojwration  need  be  very  slight. 
This  conibinatiiin  provides  iii>t  oiily  an  exceedingly  fast  lever  but 
one  that  causes  little  nciimri  the  fiiHT  block  upon  the  contact  points. 
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The  condenser  is  of  the  dry-wound  type,  it  being  totally  enclosed 
and  sealed  in  a  moisture-proof  metal  housing.  Before  being  shippetl 
each  condeijser  is  tested  for  breakdown  voltage  at  1,()00  volts  for  a 
period  of  one  minute.  Owing  to  the  large  t'apa<-ity  (»f  this  condenser, 
oxidation,  pitting,  and  burning  uf  the  oontac-t  ]>oints  is  reduced  to  a 
minimum  and  the  voltage  of  the  secondarii'  winding  is  greatly  in- 
creased. It  is  an  advantage  in  having  the  condenser  enclose*! 
completely  to  keep  out  moisture  as  previously  stated,  for  that  is 
the  cause  of  most  breakdowns  in  condensers.  If  the  condenser  is 
removed  for  any  purpose,  be  sure  when  putting  it  back,  it  has 
good  connection. 

Compensating  Fralurr.  ITie  gi)vernor  or  ( i>mi>ensator  is  of  the 
"tilting  ring"  tjiw  and  is  carrie<l  on  the  tinier  shaft  just  below  the 
interrupter  cam.  The  range  of  the  ignition  advance  is  determined 
by  an  advance  control  stud  integral  with  the  governor.  As  the  timer 
shaft  rotates,  the  resultant  tilting  movement  of  the  governor  ring, 
due  to  centrifugal  force,  advantes  tlie  interrupter  cam,  which  is  as- 
sembled to  the  timer  shaft  in  the  form  of  a  sleeve,  by  direct  engage- 
ment of  a  stud  that  projects  into  a  slot  -_  ■■ 
provide<l  by  this  sleeve.  The  total  throw 
of  the  governor  ring.  Fig.  Kl-'i,  is  readily 
adjustable  by  means  of  stop  pins.  To  i 
provide  for  the  pn)ijer  movement  of  the  . 
cam  at  different  engine  speeds,  the  tihing  , 
of  the  ring  is  opposed  by  an  atljiistablc, 
spirally  wound  spring  that  is  located  in 
a  recess  in  the  bearing  hub  of  the  ring.  ' 
This  spring  is  not  only  adjustable  in  rt^la-  i 
tion  to  the  ring  for  varying  the  initial 
tension  of  the  spring,  thereby  ntntrolling  |  ^ 
the  speed  by  which  the  advance  mechan-  [_ 
ism  is  operated,  but  various  springs  of  b«.  las.  iwh  c„n,p.,mtt,i,>B 
different  tension  may  be  provided  so  liuvcmor 
that  the  most  suitable  advance  may  be  selecte<l  and  assembled 
to  the  unit  according  to  the  characteristics  of  the  engine.  For 
the  same  general  shape  of  characteristic  cur\e  or  the  same  ])er- 
<'entage  of  movement  at  advance  speeds  a  total  a<lvance  from  7eri) 
to  ()0  degrees,  and  even  more  when  measured  on  the  flywheel,  may  be 
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secured.  In  order  to  demonstrate  the  possibility  of  adjusting  the 
automatic  advance  on  the  compensating  "T"  type  to  suit  various 
engines,  t\T)ieal  actual  test  curves  are  reproduced  T^ith  the  total  ad- 
vance expressed  in  percentage.  These  curves  show  clearly  the  I 
advance  may  be  according  to  the  straight  line  or  it  may  be  curving 
considerably.  In  other  words,  the  advance  may  be  proportional  to 
the  increase  in  engine  speed,  or  it  may  be  variable  for  change  in 
engine  speed  in  the  range  of  a  certain  desired  movement.  If  desired, 
the  governor  may  be  adjusted  so  that  the  advance  will  start  at  a 
speed  as  low  as  300  r.p.m.  of  the  engine.  Or  it  may  be  set  at  any 
other  desired  speed.  ITiis  feature  is  quite  an  improvement  in  igni- 
tion systems  in  that  the  early  type  automatic  advance  systems  sim- 
ply advanced  the  ignition  according  to  the  speed  of  the  engine.  This 
was  rather  imsiitisfactory  because  the  proper  advance  ignition  is 
not  always  dependent  upon  engine  speed. 

Distributor,  The  distributor  rotor  is  mounted  on  a  projection 
of  the  cam  proper  and  rotates  with  it.  A  skirt  is  provided  on  the 
bottom  of  the  rotor  to  protect  the  breaker  mechanism.  The  rotor 
electr(Kle  is  fastened  by  a  screw  that  is  recessed  in  the  top  of  the  rotor. 
The  distributor  cap  is  mounted  on  the  main  housing  and  is  held  in  I 
alignment  by  the  j)r()jection  of  the  interrupter  cup.  A  moukled 
tongue  fits  in  a  slight  recess  of  the  housing  so  it  cannot  be  incorrectly 
assembled.  The  high  tension  towers  are  of  sufficient  height  to  pn^- 
vent  short  circuits  due  to  water  and  foreign  substances  collecting  im 
the  distributor.  A  distinctive  feature  of  the  high-tension  lead  car- 
bon brush  is  that  it  can  neither  stick  nor  drop  out  of  the  distribute »r 
when  the  distributor  is  removed. 

'J'he  lii^li  tension  cable  connections  are  unusually  simple  and 
can  eiisih  Ix'  attacluMl  to  the  towers.  It  is  onlv  necessarv  to  cut  the 
(•able  oil'  ilu>li  and  j)ush  it  into  the  towers  of  the  distributor  cjip. 
'^J'liis  siniph*  nictlKxl  is  possible  on  account  of  the  small  patentee!  clip 
that  was  previously  snapped  into  a  circular  groove  turned  into  the 
lower  en<l  of  the  distributor  insert.  A  sharply  pointed  ear  in  the 
bottom  of  this  clip  makes  electrical  connections  w-ith  the  strands  of 
the  cable  as  it  is  pushed  home  in  the  tower.  The  small  prongs  pro- 
jecting from  the  >u\r  of  tlu^  clip  hold  these  parts  together  firmly  so 
that  when  the  cable  i>  removed  the  clip  remains  affixed  to  the  end 
of  the  wire. 
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TESTING,  ADJUSTMENT,  AND  MAINTENANCE 

Trouble  Nearly  Eliminated  by  E£Bcient  Devices.  With 
modern  equipment,  trouble  from  electrical  sources  has  been  de- 
creased to  an  almost  irreducible  minimum  and  with  a  knowledge 
of  the  rudiments  plus  consistent  observance  of  a  few  simple  rules, 
these  troubles  can  usually  be  remedied  without  calling  in  outside 
assistance.  Causes  of  failure  are  the  most  important  thing  to  re- 
member as,  with  these  in  mind,  it  is  far  easier  to  trace  the  trouble 
logically  than  where  the  usual  aimless  hunt  is  undertaken  on  the 
diance  of  striking  the  cause.  It  must  also  be  borne  in  mind  that 
all  causes  of  motor  stoppage  are  not  electrical.  A  dry  gasoline  tank, 
a  plugged-up  gasoline  feed  line  or  a  choked  carbureter,  failure  of  a 
gasoline  pressure-feed  system,  or  a  stopped-up  air  vent  in  a  gravity- 
feed  gasoline  tank  will  have  the  same  effect,  though  one  or  all  of 
them  have  not  infrequently  been  attributed  to  the  ignition  system. 

Causes  of  Failure.  Failures  may  be  generally  classed  under 
three  heads:  short  circuits  or  grounds;  failure  of  current  supply;  and 
failure  of  ignitioQ  devices,  such  as  contact  breakers,  distributors, 
vibrators,  coils,  spark  plugs,  wiring,  connections,  condensers,  etc. 

Short-CircuHa.  When  a  motor  that  has  previously  been  running 
normally  suddenly  stops  dead,  the  indication  is  almost  invariably 
that  of  a  short-circuit  or  ground.  The  difference  between  the  two 
is  that  a  short  circuit  takes  place  between  two  wires  or  other  parts 
of  the  system,  while  a  ground  is  the  contact  of  a  chafed  wire  or  other 
exposed  part  with  some  portion  of  the  metal  foundation  of  the  car, 
such  as  the  frame  or  motor.  The  effect  is  the  same  in  either  case 
in  that  the  current  takes  a  shorter  path  and  does  not  reach  the 
spark  plugs.  Either  may  occur  in  the  low-  or  high-tendon  wiring, 
i.e.,  between  the  contact  breaker  and  the  coil  or  the  battery  and  the 
coil;  or  between  the  secondary  side  of  the  coO  and  distributor. 
Owmg  to  the  high  voltage  of  the  latter,  groundmg  is  more  apt  to 
result  there  either  from  a  chafed  wire  or  from  a  frayed  end  coming 
in  contact  with  the  motor  or  other  metal.  Fiulure  from  this  cause 
can  frequently  be  detected  by  sparking  at  the  pomt  of  breakdown. 
An  "open  circuit"  in  one  of  the  main  feed  cables,  such  as  that  con- 
necting the  magneto  to  the  primary  of  the  coil  in  a  dual  system, 
or  the  secondary  of  the  coil  to  the  distributor,  or  the  battery  cable 
>  in  a  battery  system  will  naturally  have  the  same  effect.    The  cause 
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IS  usually  a  loose  connection;  sometimes,  though  rarely,  a  broken 
wire.  If  the  connection  has  not  parted  entirely,  irregular  firing 
will  result. 

Failure  of  Current  Supply.  Failure  of  current  supply  will  usually 
result  in  erratic  running  as  the  current  weakens  until  it  reaches  a 
point  where  it  b  no  longer  adequate  and  the  motor  stops.  But  the 
^rmptoms  in  this  case  are  the  same  as  in  gradual  failure  of  the  fuel 
supply,  either  through  a  choked  carbureter  nozzle,  partially 
obstructed  feed  line,  stopped  air  vent,  lack  of  pressure,  or  the  empty- 
ing of  the  tank.  The  motor  will  run  by  fits  and  starts  with  irregular 
missing  at  different  cylinders.  Defection  of  the  contact  breaker  or 
distributor  may  also  manifest  itself  either  by  similar  erratic  opera- 
tion or  by  sudden  stopping. 

Weak  Magnets.  When  the  engine  fires  regularly  on  the  battery 
but  will  not  do  so  on  the  magneto  except  above  a  certain  speed,  it 
indicates  that  the  magnets  are  weak  and  need  remagnetizing.  Heat 
and  vibration  weaken  the  magnets,  so  that  on  some  cars  it  is  neces- 
sary to  overhaul  the  magneto  every  five  or  six  thousand  miles, 
whereas,  on  others,  the  magnetism  shows  no  appreciable  falling  off 
after  two  or  three  seasons'  use.  With  a  new  or  recently  overhauled 
magneto  it  should  be  easy  to  start  on  the  magneto  by  spinning  (by 
hand),  but  this  is  not  conclusive  as  some  engines  will  never  start 
on  the  magneto. 

Testing*  Inspection  of  Wiring.  Examination  of  the  wiring  and 
other  parts  of  the  system  will  usually  suflBce  to  reveal  short  circuits 
or  grounds,  or  by  making  emergency  connection  with  extra  wire, 
proper  operation  through  the  latter  indicating  a  failure  of  the  parts 
of  the  wiring  system  thus  replaced.  Extra  wire  should  always  be 
carried  on  the  car  for  this  purpose.  With  the  dual  type  of  ignition 
^stem  so  generally  employed,  see  that  the  zinc-containing  case  or 
the  protruding  terminals  of  dry  cells  are  not  allowed  to  come  into 
contact  with  the  metal  battery  box  as  this  will  cause  a  ground  that 
is  difficult  to  locate.  The  best  preventive  is  a  small  wood  container 
to  insulate  these  cells  from  contact  with  any  metal.  Water  falling 
on  the  high-tension  cables  will  cause  serious  leaks  that  will  not  show 
in  the  form  of  sparks.  Above  all,  every  part  of  the  system  must  be 
kept  dry;  sufficient  precautions  are  frequently  omitted  when  washing 
the  car. 
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TESTING,  ADJUSTMENT,  AND  MAINTENANCE 

Trouble  Nearly  Eliminated  by  Efficient  Devices.  With 
modern  equipment,  trouble  from  electrical  sources  has  been  de- 
creased to  an  almost  irreducible  minimum  and  with  a  knowledge 
of  the  rudiments  plus  consistent  observance  of  a  few  simple  rules, 
these  troubles  can  usually  be  remedied  without  calUng  in  outside 
assistance.  Causes  of  failure  are  the  most  important  thing  to  re- 
member as,  with  these  in  mind,  it  is  far  easier  to  trace  the  trouble 
logically  than  where  the  usual  aimless  hunt  is  undertaken  on  the 
chance  of  striking  the  cause.  It  must  also  be  borne  in  mind  that 
all  causes  of  motor  stoppage  are  not  electrical.  A  dry  gasoline  tank, 
a  plugged-up  gasoline  feed  line  or  a  choked  carbureter,  failure  of  a 
gasoline  pressure-feed  system,  or  a  stopped-up  air  vent  in  a  gra\aty- 
feed  gasoline  tank  will  have  the  same  effect,  though  one  or  all  of 
them  have  not  infrequently  been  attributed  to  the  ignition  system 

Causes  of  Failure.  Failures  may  be  generally  classed  undei 
three  heads:  short  circuits  or  grounds;  failure  of  current  supply;  and 
failure  of  ignition  devices,  such  as  contact  breakers,  distributors, 
vibrators,  coils,  spark  plugs,  wiring,  connections,  condensers,  etc. 

ShorUCircuits.  When  a  motor  that  has  previously  been  running 
normally  suddenly  stops  dead,  the  indication  is  almost  invariably 
that  of  a  short-circuit  or  ground.  The  difference  between  the  two 
is  that  a  short  circuit  takes  place  between  two  wires  or  other  parts 
of  the  system,  while  a  ground  is  the  contact  of  a  chafed  wire  or  other 
exposed  part  with  some  portion  of  the  metal  foundation  of  the  car, 
such  as  the  frame  or  motor.  The  effect  is  the  same  in  either  case 
in  that  the  current  takes  a  shorter  path  and  does  not  reach  the 
spark  plugs.  Either  may  occur  in  the  low-  or  high-tension  wiring, 
i.e.,  between  the  contact  breaker  and  the  coil  or  the  battery  and  the 
coil;  or  between  the  secondary  side  of  the  coil  and  distributor. 
Owing  to  the  high  voltage  of  the  latter,  grounding  is  more  apt  to 
result  there  either  from  a  chafed  wire  or  from  a  frayed  end  coming 
in  contact  with  the  motor  or  other  metal.  Failure  from  tbb  cause 
can  frequently  be  detected  by  sparking  at  the  point  of  breakdown. 
An  "open  circuit"  in  one  of  the  main  feed  cables,  such  as  that  con- 
necting the  magneto  to  the  primary  of  the  coil  in  a  dual  system, 
or  the  secondary  of  the  coil  to  the  distributor,  or  the  battery  cable 
in  a  battery  system  will  naturally  have  the  same  effect.    The  cause 
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as  every  other  part  of  the  system  will  respond  to  the  usual 
tests. 

Remember  Effect  of  Compression  on  Spark.  The  effect  of  com- 
pression on  the  spark  must  also  be  borne  in  mind,  as  an  apparently 
efficient  spark  with  the  plug  out  of  the  c^'linder  is  not  equally  effec- 
tive when  subjected  to  the  compression.  Partial  failure  of  the  cur- 
rent supply  is  the  cause  in  this  case,  due  to  weak  dry  cells  or  an 
almost  wholly  discharged  storage  batterj-  causing  a  drop  in  the 
voltage.  Or  it  may  result  from  spark  plug  points  that  have  been 
burned  away  until  the  gap  is  too  great,  ^  inch  being  the  maximum 
distance  recommended. 

Leakage  at  Distributor,    Leakage  may  occasionally  occur  at  the 

distributor  due  to  the  use  of  an  excessive  amount  of  lubricating  oil 

which  picks  up  carbon   dust,   the    latter    being   carried   around 

by  the  revolving  arm  until  it  forms  a  path  for  the  high-tension 

'  current. 

Spark  Plugs.  A  broken  spark  plug  jx^rcelain  or  an  internal 
short  circuit  of  the  plug,  neither  of  which  may  be  evidenced  exter- 
nally, will  cause  missing  at  that  cylinder. 

Erratic  firing  and  a  very  perceptible  loss  of  power  will  result 
from  the  gaps  of  the  spark  plugs  being  too  large.  With  the  powerful 
current  supplied  by  a  storage  batter^'  or  by  the  modern  magneto  this 
takes  place  by  the  burning  away  of  the  points  of  the  electrodes  in  a 
comparatively  short  time,  it  being  nothing  unusual  for  the  ^W-iiuli 
'  gap  to  increase  to  almost  J  inch  in  a  few  weeks'  running.  This  is 
particularly  the  case  with  the  cheaper  plugs  which  have  iron-wire 
electrodes;  they  may  be  adjusted  with  the  pliers,  however,  until 
there  is  no  longer  sufficient  electrode  left  to  adjust. 

Loss  of  power  will  also  be  occasioned  by  a  plug  that  is  not  tight 
in  the  cylinder  or  where  the  plug  itself  is  not  tight  internally.  Squirt 
a  few  drops  of  oil  around  the  base  of  the  plug  on  the  cylinder  and 
also  on  the  porcelain  of  the  plug.  When  the  engine  is  running 
bubbles  will  form  at  these  points:  if  the  plug  itself  is  at  fault,  a  quar- 
ter-turn of  the  nut  holding  the  porcelain  in  place  will  usually  seat  it 
on  the  gasket  and  overcome  any  leakage  at  that  point;  in  case  of 
leakage  around  the  thread  of  the  plug,  a  new  asbestos  gasket  under 
it  or  a  slight  tightening  of  the  plug  itself  where  of  the  ir()n-])ipe 
thread  class  will  remedy  the  trouble.    Cleaning  at  intervals  with  a 

199 


198  ELECTRICAL  EQUIPMENT 

stiff  brush  and  gasoline  will  prevent  short-circuiting  through  an 
accumulation  of  carbon  on  the  porcelain  and  walls  of  the  shell. 

Sparking  at  Safety  Gap.    In  all  magnetos  of  the  true  high- 
tension  type,  the  safety  gap  is  incorporated  in  the  magneto  itself: 
in  dual-ignition  systems  it  is  in  the  coil,  as  the  latter  must  be  pro- 
tected from  the  battery  current  as  well  as  from  that  of  the  mag- 
neto.   Sparking  at  the  safety  gap  is  an  indication  that  there  is  an 
opening  in  the  circuit  greater  than  the  resistance  of  the  secondary' 
winding  of  the  coil,  and  unless  the  spark  bridged  the  safety  gap,  the 
insulation  of  the  high-tension  winding  would  be  punctured.    This 
opening  may  be  a  spark  plug  whose  points  are  too  far  apart  or  a 
connection  that  has  dropped  off  either  at  the  plug  or  at  the  coil. 
Owing  to  its  high  voltage  the  current  will  jump  any  gap  smaller 
than  that  of  the  safety  gap  with  no  perceptible  difference  in  the 
firing,  so  that  loose  connections  on  the  high-tension  side  seldom 
cause  trouble  until  they  actually  separate.    A  piece  of  metal  acci- 
dentally falling  on  it  or  an  accumulation  of  any  conducting  material 
such  as  dirt  or  moisture  will  short-circuit  the  secondary  of  the  coil 
through  the  safety  gap  and  no  current  will  reach  the  plugs.    Frayed 
terminals  in  which  one  or  more  of  the  strands  of  the  flexible  wire 
protrude  and  touch  adjacent  objects  are  sometimes  responsible  for 
a  similar  result;  the  remedy  is  to  wind  with  friction  tape. 

Breakdoicn  of  Magneto.  On  cars  employing  a  true  high-tension 
type  of  magneto,  the  battery  system  is  entirely  independent,  as  a 
rule,  so  that  a  fault  in  one  never  involves  the  other.  \Miere  failure 
of  the  magneto  is  not  due  to  faulty  operation  of  the  interrupter,  it 
may  be  inspected  with  the  aid  of  the  test  lamp  described  in  connec- 
tion with  starting  and  lighting  systems.  Trace  the  various  circuits 
of  the  magneto  in  question;  apply  the  points  to  the  opposite  sides 
of  the  condenser.  The  lamp  should  not  light;  if  it  does,  the  con- 
denser has  broken  down  and  must  be  replaced.  Test  the  primar}' 
and  secondary  windings  of  the  magneto  in  the  same  way;  the  lamp 
should  light  in  each  case;  if  it  does  not,  there  is  a  break  in  that  par- 
ticular winding  and  a  new  armature  will  be  required.  In  the  case 
of  the  dual-type  magneto  there  is  only  one  winding  on  the  arma- 
ture, and  many  of  the  older  makes  (1910  or  earlier)  have  no  conden- 
ser. Many  of  these  older  magnetos  in  the  cheaper  grades  are  fitted 
with  plain  bearings  and  the  wear  of  the  latter  may  allow  the  aniu^ 
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ture  to  bind  against  the  pole  pieces,  or  lack  of  oil  may  cause  the 
shaft  to  bind  in  its  bearings 

When  a  magneto  is  taken  apart  for  any  reason  it  must  always  be 
assembled  with  the  magnets  in  the  same  relative  position  as  formerly, 
otherwise  their  polarity  will  be  reversed  and  the  magneto  will  be 
inoperative.  The  magnets  must  never  be  left  of!  the  machine,  even 
temporarily,  without  placing  a  bar  of  iron  or  steel  across  their  poles 
to  serve  as  an  armature  or  "keeper";  unless  this  is  done,  they  will 
lose  their  magnetism  rapidly.  Remagnctizing  the  magnets  of  a 
machine  that  has  become  weakened  through  long  use  is  a  simple 


process  and  small  electromagnets  for  this  purpose  are  now  to  be 
had  for  garage  use.  They  will  operate,  of  course,  only  on  direct 
current. 

Remagnetmng.  As  misfiring  at  low  speeds  may  be  due  to 
causes  other  than  weak  magnets  on  the  magneto,  the  strength  of 
the  latter  should  be  tested  before  deciding  that  it  is  necessary  to 
remagnetize  them.  With  the  engine  running,  unclip  one  of  the  spark 
plug  leads  and  hold  it  close  to  the  terminal.  If  the  magneto  is 
developing  a  powerful  current,  it  will  jump  a  gap  of  i  inch  or  more; 
should  it  not  produce  a  spark  at  least  J  inch  long  it  needs  remagnct- 
izing. In  rechai^ing  the  magnets  their  original  polarity  must  he 
preserved,  as  otherwise  it  will  be  necessary  to  shift  their  locations 
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in  reassembling  them.  Accordingly,  it  is  important  that  milike 
poles  of  the  permanent  magnets  and  of  the  electromagnet  be  brought 
together;  i.e.,  the  north  pole  of  the  permanent  magnet  to  the  south 
pole  of  the  recharging  magnet  and  vice  versa.  To  insure  this,  the 
current  should  be  turned  into  the  recharging  magnet  and  the  other 
magnet  held  freely  a  short  distance  from  its  poles.  As  unlike  poles 
attract  and  like  poles  repel,  the  magnet  will  find  its  own  proper 
position,  if  allowed  to  do  so.  If  forcibly  held  against  the  poles  of 
the  recharging  magnet  regardless  of  polarity,  the  strength  of  the 
electromagnet  is  so  much  greater  than  that  of  the  weakened  per- 
manent magnets  that  it  will  reverse  their  polarity. 


Fig.  141.     DiaRram  of  Connections  of  Magnet  Recharger 
Courtesy  of  "The  Hor$eUs9  Age" 

In  recharging,  set  the  magnet  on  top  of  the  charger  after  its 
polar  it  \'  has  l)een  determined  and  rock  the  magnet  back  and  forth 
on  its  pole  edges  a  number  of  times;  then  lay  it  on  its  side  with  its 
poles  away  from  you  and,  extending  just  beyond  th€t  far  edges  of 
the  recharging  magnet  poles,  apply  a  keeper  to  the  magnet  poles, 
switch  ofT  the  current  and  withdraw  the  magnet  sideways  from  the 
recharger.  The  keeper  should  remain  in  place  until  the  magnets  are 
reassembled  on  the  magneto. 

Miujnct  lirrhanjrr.  Electromagnets  designed  for  this  purpose 
and  built  specially  for  garage  use  are  now  on  the  market,  or  one 
may  be  made  with  little  trouble.    The  following  design.  Fig.  140, 


202 


ELECTRICAL  EQUIPMENT  201 

is  from  The  Horseless  Age.  The  cores  of  the  magnet  are  made  of 
soft  bar  steel  1  inch  in  diameter  and  3  inches  long.  They  are  secured 
to  a  base  measuring  5 J  by  1 J  by  f  inches  and  are  provided  with  pole 
pieces  measuring  1}  by  1}  by  f  mches.  All  contacting  surfaces 
should  be  absolutely  flat  and  square  so  that  there  will  be  good 
metallic  contact  over  the  entire  surfaces.  Before  the  wire  is  wound 
on  them^  the  magnets  must  be  insulated.  A  spool  may  be  formed 
by  placing  a  fiber  ring  at  each  end  of  the  magnet  cores,  and  a  l^etter 
job  may  be  made  by  turning  down  a  l|-inch  bar,  leaving  a  thin 
collar  of  the  original  diameter  at  one  end.  This  will  support  the 
fiber  ring  at  that  end  while  the  other  rests  against  the  pole  piece. 
The  core  between  the  fiber  rings  is  then  insulated  by  wrapping  with 
several  layers  of  muslin  which  is  given  a  coat  of  shellac  in  alcohol 
and  allowed  to  dr^\ 

The  winding  to  be  applied  depends  on  the  voltage  to  be  used. 
For  a  6-vblt  batter>%  wind  on  three  layers  of  No.  12  double  cotton- 
covered  magnet  wire;  for  a  110- volt  circuit,  eight  layers  of  Xo.  22 
double  cotton-covered  magnet  wire.  The  ends  or  leads  of  the  wire 
are  then  taped  and  the  outer  layers  of  the  coils  shellaced  to  make 
the  exposed  cotton  insulation  more  enduring.  Connect  the  coils 
together  so  that  if  the  ciurent  flows  through  one  right-handed,  it 
flows  through  the  other  left-handed,  when  looked  at  from  alx)ve, 
Fig.  141»  Mount  the  completed  magnet  on  a  wooden  base  large 
enough  to  carry  a  single-pole  switch  and  a  binding  post.  The 
battery  or  lighting  mains  are  connected  to  the  binding  post  and  the 
free  terminal  of  the  switch;  the  other  terminal  of  the  switch  being 
connected  to  one  end  of  the  magnet  coil  and  the  other  terminal  of 
the  latter  to  the  binding  post.  Where  designed  for  1 10-volt  current, 
it  will  be  preferable  to  use  a  double-pole  switch  mounted  on  a  porce- 
lain base  with  two  screw-plug  fuses;  10-ampere  fuse  plugs  being 
screwed  into  the  sockets.  The  free  ends  of  the  coil  are  then  con- 
nected directly  to  the  terminals  of  the  switch  at  the  plugs  and  the 
source  of  current  is  connected  to  the  other  end  of  the  switch.  The 
windings  specified  will  heat  up  quickly,  when  connected  to  current 
sources  of  the  voltages  given,  so  that  the  switch  should  never  be  left 
dosed  more  than  a  few  minutes  at  a  time. 

When  a  charger  is  not  availaljle,  the  ma^cts  may  l»e  re- 
charged by  wrapping  wire  around  each  end  of  the  ma^el.     Bein^ 
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flexible  and  well  insulated,  lamp  cord  may  be  used  and  must  be 
nound  directly  on  the  magnets.  The  bared  ends  of  the  cord  should 
be  twisted  together  so  that  the  two  wires  form  a  single  conductor. 
Wrap  on  about  fifty  turns  and  connect  this  winding  to  the  main 
switch  through  a  lO-ampere  fuse.  Particular  care  must  be  exercised 
to  make  the  connections  so  that  the  magnets  will  not  have  their 
polarity  reversed.  A  current  of  high  value  will  flow  through  the 
winding  during  the  brief  time  that  it  will  take  to  blow  the  fuse. 
This  method  is  rather  crude,  but  it  will  be  found  satisfactory 
wlien  !i  it^chary«r  is  not  available.  However,  the  magnet  recharjier 
usually  will  l>e  found  preferable,  particularly  where  there  is  any 
doubt  a.s  to  the  polarity. 

Care  of  Ford  Magneto.  Dirt  will  sometimes  accumulate  under 
the  collector  brush  or  on  the  collector  ring  and  reduce  the  current 
output.  As  a  guide  to  the  operation  of  the 
Ford  magneto,  the  Hoj-t  magnetometer, 
Fig.  142,  has  been  devised.  The  calibration 
I  of  this  b  purely  arbitrary,  the  letters  repre- 
I  senting  Poor,  Medium,  Good,  and  Excellent, 
Probably  end  play  in  the  bearings  is  the 
most  frequent  cause  of  poor  operation  of 
the  Ford  m^neto.  This  is  due  to  wear  of 
the  main  crankshaft  bearings  which  permits 
FiK.  us^jfoyoiwneiomrtn-  ^i^p  magnets  to  rotate  at  a  greater  distance 
from  the  coils  than  originally  intended. 
Tjiking  up  this  pla\-  or  replacing  the  bearings  is  naturally  the  remedy. 
Small  piirticlcs  of  metal  may  sometimes  lodge  beneath  the  ribbon 
tcniiinids  of  the  coils,  or  the  latter  may  become  so  thoroughly 
inipit'gnatfd  with  metallic  dust  as  to  ground  them,  making  them 
inoperative.  Cleaning  and  renewal  of  the  oil  in  the  magneto  houmg 
will  reniedj-  this.  To  test  the  coils,  four  or  six  dry  cells  connected 
in  series  should  be  used.  Attach  one  terminal  of  the  battery  to  the 
collector  brush  or  insulated  plug  at  the  top  of  the  magneto  and  the 
other  terminal  to  the  connection  where  the  last  coil  is  grounded  to 
the  supporting  plate.  Tiicn  with  a  piece  of  soft  iron  touch  the  iron 
core  of  each  coil  to  see  it  if  is  strongly  magnetized.  It  should  take 
some  effort  to  pull  the  iron  away.  A  coil  that  does  not  respond 
properly  is  probably  grounded.     Weak  magnets  are  occasionally 
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found  to  be  the  trouble,  but  this  is  comparatively  rare,  as  well-made 
permanent  magnets  are  usually  good  for  years  of  service.  When 
they  are  found,  the  best  remedy  is  to  replace  the  entire  set,  particu- 
larly as  the  cost  is  low. 

SUMMARY  OF  IQNITION  INSTRUCTIONS 

Q.  How  many  different  systems  of  ignition  are  in  use  on  the 
automobile  today? 

A.  Generally  speaking,  only  one,  known  as  the  high-tension 
system.  The  low-tension  system  used  in  earlier  days  has  been  obso- 
lete for  a  number  of  years.  The  single  classification,  however,  may 
be  subdivided  into  several  others  which  are  known  by  their  dis- 
tinguishing featiu-es,  the  first  being  determined  by  the  source  of  cur- 
rent supply,  as  magneto-  and  battery-ignition  systems.  These  two 
classes  may  be  divided  further  according  to  the  type  of  magneto 
employed,  such  as  the  duplex,  the  dual,  and  the  double-spark  types. 
All  battery  systems  are  fundamentally  the  same,  only  differing  in 
the  type  of  circuit  breaker  and  distributor  employed,  the  mounting 
of  the  latter,  i.e.,  whether  direct  driven  from  the  engine  or  combined 
with  the  lighting  generator,  and  in  the  type  of  controlling  switches 
and  auxiUary  devices. 

DIFFERENT  SYSTEMS 

Q.  Why  is  the  system  generally  used  termed  ''high-tension" 
system? 

A.  Because  the  ciu'rent  must  be  passed  through  a  step-up 
transformer  or  coil  to  impress  upon  it  a  sufficiently  high  voltage  to 
cause  it  to  jump  the  air  gap  in  the  spark  plug. 

Low-Tension  System 

Q.  •  Is  the  old  low-tension  make-and-break  system  entirely 
obsolete? 

A.  Since  about  1909,  it  has  not  been  used  on  the  automobile 
but  is  still  generally  employed  on  small  two-cycle  marine  engines 
and  on  stationary  engines. 

Q.    Why  is  it  not  suitable  for  automobile  engines? 

A.  It  will  not  work  satisfactorily  at  high  speeds  since  its  time 
factor  is  limited  by  mechanical  reasons,  i.e.,  the  inertia  of  the  mov- 
able electrodes  of  the  low-tension  spark  plugs,  whereas,  in  the  high- 
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tension  system^  only  electrical  lag  has  to  be  compensated  for.  It 
requires  a  skilled  mechanic  to  time  the  spark  plugs  properly  and  they 
will  not  stay  in  adjustment  for  very  long. 

Q.  What  is  the  chief  attention  it  needs  as  eiiq>Ioyed  on  marine 
and  stationary  engines  today? 

A.  Keeping  the  electrodes  clean;  the  current  bums  a  film  of 
oxide  on  the  contacts  and  this  insulates  them  to  an  extent  where 
the  low-voltage  current  will  not  pass.  The  timing  of  the  plugs  also 
needs  regular  attention  as  the  hammering  action  of  their  operation 
tends  to  throw  them  out  of  adjustment.  Considerable  current  is 
required  for  the  eflScient  operation  of  the  low-tension  plugs,  so  that 
where  used  with  batteries  as  on  the  motor  boat,  the  ceUs  frequently 
become  exhausted  in  a  comparatively  short  time. 

Q.  How  can  the  low-tension  plugs  be  adjusted  to  give  them 
the  proper  timing? 

A.  Tiu-n  the  engine  over  slowly  by  hand  and  watch  the  action 
of  the  plug.  Its  contacts  should  come  together  when  the  piston  is 
three-fourths  of  the  way  up  on  the  compression  stroke;  they  should 
snap  apart  to  cause  the  spark,  the  advance  lever  being  in  the 
retarded  position,  when  the  piston  is  at  upper  dead  center.  Provision 
is  usually  made  for  increasing  or  decreasing  the  length  of  the  rod 
that  operates  the  plug.  If  the  spark  is  occurring  too  late,  causing 
a  falling  off  in  the  power,  shorten  the  rod  suflSciently  by  the  adjust- 
ment to  give  the  timing  suggested  above  and  lock  tightly;  if  too 
early,  lengthen  it  just  enough  to  overcome  any  hammering  that 
this  would  cause. 

Q.  Why  should  the  plug  close  the  circuit  so  long  before  the 
piston  reaches  upper  center? 

A.  To  give  the  coil  sufficient  time  to  'Tbuild  up",  i.e.,  for  its 
core  to  become  "saturated",  or  thoroughly  magnetized;  as  the 
efficiency  of  the  spark  produced  depends  upon  this. 

Q.    How  does  the  coil  of  a  low-tension  system  act? 

A.    It  is  a  single  winding  of  coarse  wire  on  a  very  heavy  core  of 

fine  iron  wires,  i.e.,  a  coil  having  a  high  self-inductance.    When  the 

circuit  has  been  closed  a  sufficient  length  of  time  to  permit  this  core 

to  become  saturated  and  is  then  suddenly  broken,  the  current  util- 

Lized  to  magnetize  the  core  is  redelivered  to  the  coil  and  causes  an 

re  at  the  plug  as  its  contacts  separate.    The  current  producing  this 
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arc  is  of  much  greater  volume  and  at  considerably  higher  voltage 
than  could  be  obtained  by  making  and  breaking  the  battery  circuit 
without  a  coil  in  it. 

Q.    Does  the  coO  ever  need  attention? 

A.  Only  to  see  that  its  connections  are  dean  and  tight  and 
that  it  is  kept  dry;  owing  to  the  solidity  of  its  construction,  failure  of 
the  coil  itself  is  almost  imknown.  Test  by  holding  one  terminal  of 
a  three-cell  or  four-cell  dry  battery  on  one  binding  post  and  wiping 
the  other  with  the  wire  from  the  other  side  of  the  battery  circuit;  a 
bright  flash  should  result.  If  it  does  not,  see  if  the  wire  has  broken 
near  one  of  the  binding  posts  as  this  may  result  from  vibration. 

Q.    Is  this  the  only  low-tension  system  used? 

A.  No.  Several  makes  of  magnetic  plugs  have  been  used  in 
connection  with  low-tension  systems.  Each  plug  is  a  solenoid  the 
plunger  of  which  makes  and  breaks  the  contact  electrically.  No 
mechanism  is  necessary  to  operate  the  plug  but  a  timer  must  be  used 
in  the  circuit  to  close  the  latter  slightly  in  advance  of  the  time  for 
the  spark  to  occur.  This  timer  is  the  same  as  that  used  in  the 
primary  circuit  of  high-tension  systems  employing  vibrator  coils,  as 
on  the  Ford. 

Q.    What  difficulty  is  usually  encountered  with  magnetic  plugs? 

A.  They  seldom  withstand  the  heat  of  the  engine  for  any  great 
length  of  time,  so  that  the  insulation  fails.  Apart  from  this  the 
troubles  encountered  are  the  same  as  with  any  other  system  using 
movable  contacts,  i.e.,  dirt  on  the  contact  points,  failure  to  make 
contact,  broken  connections,  weak  battery,  etc. 

High-Tension  System 

Q.    Of  what  does  a  high-tension  system  consist? 

A.  The  essential  parts  of  a  high-tension  ignition  system  are: 
(1)  a  source  of  current,  such  as  a  dry  battery,  the  storage  battery  of 
the  lighting  and  starting  system,  the  direct-current  generator  of  the 
latter,  or  a  magneto;  (2)  a  step-up  transformer  or  induction  coil, 
the  primary  winding  of  which  is  in  circuit  with  the  source  of  current 
supply;  (3)  a  contact  breaker  or  interrupter  to  open  this  circuit 
periodically,  i.e.,  once  every  other  revolution  for  each  cylinder  of  a 
four-cycle  engine;  (4)  a  distributor  in  circuit  with  the  secondary 
winding  of  the  coil  and  provided  with  as  many  contacts  as  there  are 
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cylinders;  (5)  a  spark  plug  for  each  cylinder;  {fi)  pntnftry  And  « 
onclary  cablex  for  the  respective  ctmnertions.  and  «  contntDit 
switch  to  open  and  close  the  supply  circuit  or  to  chaii)cr  from  oi 
supply  circuit  to  another,  where  both  a  battfxy  and  k  mBgotHo  m 
employed. 

Q.    How  do  these  essentials  vary  in  different  systems? 

A.  WTicre  a  battery  is  (U'ljendcHl  uiwii  for  the'  rurr<?nt  suppi; 
the  interrupter  and  the  distributor  are  usually  combiiicd  in  a 
independent  device  ivhicli  is  driven  from  the  camshaft  of  ilie  cngini 

la  the  case  of  a  magneto,  both  the  interrupter  and  the  dii 
tributor  are  integral  with  it.  This  doca  not  apply  to  the  P« 
magneto  which  has  a  separate  Iow-tcnsit>n  tinier  and  uses  do  dii 
tributor,  as  there  is  a  vibrating  coil  for  each  cylinder. 

In  what  are  commonly  known  as  modem  battery  syntema,  tli 
timer  and  distributer  may  be  either  mounted  separately,  as  fin 
mentioned,  or  combined  with  the  lighting  generator.  ^^^ 

CURRENT  SUPPLY  AND  APPLICATION  ^^| 

Masnetoa  ^^^H 

Q.    How  many  types  of  magnetos  arc  (here  In  {oiwral  its^ 

A.  Two  general  classes,  the  low-tensioti  and  llic  high-tenaioi 
and  various  special  tjpes,  such  as  the  dual,  the  don  bit— spark,  th 
duplex,  and  the  inductor  magnetos. 

Q.  What  is  the  difference  between  (ow-teiiston  and  the  hifti 
tension  magnetos? 

A.  The  low-ten»ion  magneto  haH  only  a  single  windio];  OD  i< 
armature  the  current  being  generated  at  low  voltage  and  tiaa! 
formed  by  passing  tlirough  an  independent  coil,  whereas  the  bi^ 
tension  magneto  generates  the  current  in  one  winding  and  stqxi  i 
up  through  another,  both  on  the  »ame  armature. 

Q.    What  is  a  dual  magneto  and  why  is  11  so  called? 

A.  It  is  a  low-tension  t>'pe,  the  interrupter  and  disttibutoc  i 
which  are  also  employed  in  connection  with  a  battvr^'  for  stirtbi^ 
It  is  BO  called  because  these  essentials  arc  common  to  both  ti 
magneto  and  the  batterj'  sides  of  the  system. 

Q.    What  is  a  double-spark  magneto? 

A.  One  provided  (vith  two  distributors  designed  to  prodw: 
two  sparks  simultaneously  at  two  different  plugs  in  the  some  c 
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Q.    What  is  a  duplex  magneto? 

A.  One  designed  to  permit  of  passing  the  battery  current 
through  the  armature  of  the  magneto  to  facilitate  starting,  the 
magneto  and  battery  both  acting  together  to  produce  the  spark  at 
low  speeds.  To  accomplish  this  a  commutator  is  mounted  on  the 
armature  shaft  and  the  battery  connected  to  it,  the  magneto  being 
of  the  high-tension  type.  This  conmiutator  causes  the  battery 
current  to  alternate  in  direction  with  that  produced  by  the  magneto 
so  that  it  is  said  to  be  "in  phase"  with  the  latter. 

Q.    Wbat  is  an  inductor  nu^eto  and  how  does  it  differ? 

A.  An  inductor  is  employed  instead  of  an  armature,  the 
windings  being  stationary.  The  inductor  is  simply  a  revolving 
piece  of  metal  which  alternately  opens  and  closes  the  magnetic 
circuit.  In  the  K-W  inductor  magneto  this  winding  is  of  copper 
ribbon  and  b  placed  between  the  poles  of  the  inductor;  in  the  Dixie 
magneto  it  is  a  conventipnal  induction  coil  placed  in  the  hollow  of 
the  magnets  above  the  inductor. 

Q.  Why  can  a  magneto  not  l>e  run  in  either  direction  equally 
well? 

A.  Owing  to  the  contour  of  the  cam  which  serves  to  open  the 
contacts  of  the  interrupter.  This  must  be  designed  to  operate  the 
magneto  either  as  a  ''right-hand"  or  a  'left-hand"  machine. 

Q.    How  is  a  magneto  timed? 

A.  Disconnect  its  drive  from  the  engine.  Turn  engine  over 
by  hand  until  the  piston  of  cylinder  No.  1  is  exactly  at  the  upper 
dead  center  on  the  firing  stroke.  Turn  the  armature  shaft  of  the 
magneto  to  a  point  where  the  contacts  of  the  interrupter  are  just 
beginning  to  open;  the  brush  of  the  distributor  which  is  then  making 
contact  with  the  distributor  segment  should  be  connected  to  the 
spark  plug  of  cylinder  No.  1.  The  next  brush  should  be  connected 
to  cylinder  No.  2  or  No.  3,  according  to  whether  the  firing  order  is 
1-  2-  4-  3  or  1-3-4-2.  The  armature  of  the  magneto  should  be 
coupled  to  its  driving  shaft  in  the  position  as  determined  for  the 
first  cylinder. 

Q.  If  after  timing  a  magneto  in  this  manner,  it  is  found  that 
the  spark-timing  lever  does  not  give  sufficient  advance  or  retard, 
what  should  be  done? 

A.    Remove  the  cover  from  the  distributor  housing  of  the 
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magneto,  the  piston  of  cylinder  No.  1  being  at  upper  dead  center  of 
firing  stroke  and  the  interrupter  contacts  just  about  to  open  as 
directed  for  timing.  Note  the  relative  position  of  the  segment  and 
the  distributor  brush  which  should  be  making  contact  with  it.  If 
the  segment  has  abeady  passed  the  brush,  the  spark-timing  lever 
being  at  the  maximum  advance  position,  remove  the  distributor 
gear  from  its  shaft  and  from  engagement  with  the  pinion  on  the 
armature  shaft.  Move  it  back  one  tooth  (against  the  direction  of 
its  rotation  which  is  the  opposite  of  that  of  the  armature  pinion) 
and  remesh  with  pinion.  If  this  does  not  bring  it  into  contact  with 
the  brush,  move  back  another  tooth.  Should  the  distributor  seg- 
ment not  have  reached  the  brush  when  in  the  position  as  given 
above,  move  the  distributor  gear  forward,  or  in  the  direction  of  its 
rotation,  one  or  two  teeth,  and  remesh. 

Q.  How  can  the  various  types  of  magnetos  be  identified,  as 
installed  on  car? 

A.  The  two  types  in  most  general  use  may  be  distinguished  at 
once  by  their  external  connections.  The  so-called  dual  t^'pe  can  be 
identified  by  its  separate  coil,  or  transformer,  moimted  on  the  facv, 
or  the  front,  of  the  dash,  under  the  hood,  and  the  connecting  cables 
from  the  magneto  to  this  coil.  One  of  these  connections  is  for  the 
primary  of  the  coil,  and  the  other  is  for  the  secondary;  the  other 
ends  of  both  coils  ai'e  joined  together  and  connected  to  a  common 
ground  wire,  so  that  the  coil  has  only  three  connections.  The  true 
high-tension  type  can  at  once  be  recognized  by  the  fact  that  it> 
only  external  wires  are  those  connecting  the  distributor  plate  of  the 
magneto  directly  with  the  spark  plugs. 

Q.    Of  these  various  types,  which  are  most  commonly  used? 

A.  The  dual  type  will  be  foimd  on  most  low-priced  cars 
(except  the  Ford),  and  the  straight  high-tension  type  on  higher  priceii 
cars  not  using  battery  ignition. 

Q.  In  searching  for  faults,  is  it  easier  to  locate  trouble  in  one 
type  than  in  the  other,  and  is  the  procedure  different  in  each  case? 

A.  Owing  to  its  having  but  a  single  winding  on  its  armature, 
and  to  the  fact  that  all  of  its  connections  are  external,  the  dual  low- 
tension  magneto  is  the  simpler  of  the  two;  but  the  exposed  location 
of  its  connections  makes  them  more  subject  to  default  than  tliose 
of  the  high-tension  magneto.    The  procedure  differs  in  that  failure 
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o  operate,  in  the  case  of  a  dual  magneto,  may  be  caused  by  injury 
Of  or  the  breaking  of,  some  of  these  external  connections;  whereas, 
nth  the  high-tension  type,  the  cables  are  so  short  and  so  direct  that 
he  fault  is  likely  to  lie  in  the  magneto  itself. 

Q.  Where  wouM  be  the  most  likely  places  to  k>ok  for  the 
»use  of  faflure  of  a  dual  magneto  to  operate? 

A.  In  about  the  order  of  their  Uability  to  occur,  these  would 
>e  as  foUows:  broken  or  faulty  connection  at  one  of  the  coil  terminals; 
>rimary  or  secondary  cable,  connecting  magneto  with  coil,  grounded 
hrough  chafing  or  from  being  soaked  with  oil  and  water;  ground 
)etween  the  dry  cells  and  the  metal  battery  box  (this  last  is  a  not 
nfrequent  ground  and  is  very  annoying  to  locate,  as  it  will  occur 
>ne  moment  and  disappear  the  next,  owing  to  the  vibration  breaking 
;he  contact) ;  dirt,  oil,  or  excessive  wear  at  the  primary  collector 
)rush,  and  similar  conditions  at  the  brush  which  conveys  the  high- 
ension  current  from  the  coil  to  the  distributor;  failure  of  the  coil 
hrough  breakdown;  failure  of  the  condenser,  causing  the  interrupter 
)oints  to  bum  away  rapidly;  a  break  in  the  armature  winding  All 
)f  these  last  are  rare  causes  of  trouble 

Q.    How  are  these  faults  best  remedied? 

A.  Poor  connections  at  the  coil  tenninials  can  be  overcome  bv 
)aring  about  an  inch  and  a  half  of  the  cable  of  insulation,  twisting 
L  J-inch  loop  in  the  end,  and,  after  cleaning  and  wetting  the 
)raided  end  with  soldering  flux,  dipping  the  loop  into  molten  solder. 
The  terminal  nuts  can  be  screwed  down  hard  on  these  loops  without 
)pening  or  injuring  the  stranded  wires,  and  they  will  make  solid  and 
)ermanent  terminals.  Where  cables  have  become  so  oil  soaked 
hat  the  integrity  of  their  insulation  is  suspecte<l,  they  should  be 
"eplaced,  and  the  new  wires  properly  supported.  If  either  of  the 
)rushes  is  at  fault,  due  to  excess  of  oil  and  dirt,  clean  with  gasoline, 
md  true  up  the  ends  square  with  a  fine  file.  Should  the  brushes 
lave  worn  unevenly,  or,  in  the  case  of  the  primary  brush,  taken  on 
i  hard,  glazed  surface,  treatment  with  the  fine  file  will  remedy  the 
xouble.  When  they  have  worn  down  to  a  point  where  the  spring 
iQ  longer  holds  them  in  good  contact,  new  brushes  and  springs 
attached)  should  be  inserted. 

Q.  When  examination  shows  no  fault  at  any  of  these  points, 
low  can  the  coil  be  tested? 
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A.  Disconnect  the  coil  from  the  magneto,  and  connect  to  the 
battery  terminal  one  wire  from  a  spare  battery  of  fom*  dry  cells  or. 
if  more  convenient,  to  an  ignition  storage  battery.  Fasten  the 
ground  connection  from  the  coil  to  some  handy  metal  part  of  the 
chassis;  lay  the  secondary  cable  from  the  coil  on  the  chassis  so  that 
its  bared  end  is  not  more  than  J  inch  from  the  metal  of  the  motor, 
or  chassis.  Then  connect  another  length  of  wire  to  the  opposite 
terminal  of  the  testing  battery.  (The  dry  cells  should  be  in  series.) 
Scrape  the  end  of  this  wire  clean,  and  touch  it  rapidly  to  some  part 
of  the  motor.  A  spark  should  occur  every  time  it  is  touched,  showinjr 
that  the  primary  winding  of  the  coil  is  uninjured,  and,  if  the  secoiid- 
SLTy  is  likewise  uninjured,  a  spark  should  jump  between  the  bared 
end  of  the  secondary  cable  and  the  adjacent  metal,  every  time  the 
circuit  is  closed  with  the  testing  wire.  The  occurrence  of  these  two 
sparks  show  the  coil  to  be  in  proper  working  condition.  If  the  spark 
occurs  at  the  testing  wire,  but  no  high-tension  spark  takes  place  at 
the  end  of  the  secondary  cable,  it  indicates  that  the  secondary 
winding  of  the  coil  has  broken  down.  Should  the  spark,  taking  plaa* 
every  time  the  testing  wire  is  touched  to  a  part  of  the  motor,  be  ven 
bright  and  hot,  it  is  quite  likely  that  the  condenser  has  become 
punctiu^.  Unless  the  failure  of  the  secondary  is  due  to  a  broken 
connection  between  the  fine  wire  of  the  winding  and  the  terminal  it 
must  be  sent  to  the  maker  for  repairs.  This  is  the  case  also  when  the 
condenser  has  been  punctured.  The  magneto  will  continue  to  work 
with  the  condenser  short-circuited,  but  this  will  cause  a  rapid  burn- 
ing away  of  the  expensive  platinum  contact  points  of  the  interrupter. 

Q.    How  is  the  mi^eto  armature  winding  tested  for  a  break? 

A.  Employ  the  test  battery  already  mentioned.  Touch  one 
wire  to  the  armature  shaft,  and  the  other  to  the  collector  end  which 
is  insulateil  from  the  shaft.  A  spark  should  result  if  the  winding  is 
intact.  Failure  to  obtain  a  spark  would  indicate  a  break  in  the 
winding,  and  the  armature  should  be  returned  to  the  maker  for 
repairs.  In  making  tests  with  a  battery  in  this  manner,  always 
make  sure  that  the  connections  from  the  battery  have  not  pulled 
kx>se  nor  become  broken,  before  finally  accepting  the  lack  of  a  spark, 
at  the  point  where  it  should  occur  as  conclusive  evidence  of  a  fault 
in  the  part  being  tested.  Otherwise,  a  failure  of  the  testing  apparatus 
itself  may  be  put  down  as  a  fault  in  the  part  being  tested. 
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Q.  Is  a  spask  the  best  indication  obtainable  in  maldng  such 
tests? 

A.  Yfiih  a  fresh  battery  of  dry  cells,  the  self-induction  of  the 
coils  tested,  such  as  the  winding  of  the  armature  or  the  primary  of 
the  coil,  will  give  a  bright  spark  that  cannot  be  mistaken;  but,  if  an 
audible  indication  be  desired,  the  battery  may  be  placed  in  a  box  and 
a  conmion  electric  door  bell,  or  buzzer,  mounted  on  the  box.  The 
bell,  or  buzzer,  must  be  connected  in  series  with  the  testing  wires, 
so  that,  when  the  circuit  is  completed,  the  current  passes  through  it. 
Then  the  success  of  the  test  will  be  evidenced  by  the  sounding  of 
the  bell,  or  buzzer,  as  long  as  the  circuit  is  closed.  In  the  case  of 
th^  secondary  winding  of  the  coil,  the  spark  is  all  that  is  necessary. 
Should  a  more  visible  signal  be  desired,  the  lamp-testing  set,  described 
in  connection  with  trouble  hunting  on  the  starting  and  lighting 
system,  may  be  employed.  In  this  case,  the  test  battery  is  dispensed 
with  and  the  110-volt  lighting  circuit  used,  but  a  10-ampere  fuse- 
block  and  fuses  should  be  inserted  in  the  testing  circuit  to  guard 
against  accidental  short-circuits  in.  handling  the  testing  apparatus. 

Q.  As  secondary  cable  is  expensive,  and  the  owner  does  not 
usually  want  it  replaced  unless  absolutely  necessary,  how  can  it  be 
tested  for  faults? 

A.  Connect  the  test  battery  to  the  coil,  as  previously  described, 
but,  instead  of  relying  upon  breaking  the  circuit  by  hand,  insert  a 
buzzer,  or  bell,  in  series,  between  the  battery  and  the  primary  of 
the  coil.  This  will  give  a  vibrating  contact,  and  will  keep  the  coil 
working  continuously.  Connect  the  piece  of  cable  to  be  tested  to 
the  secondary  of  the  coil  and  support  it  well,  clear  of  the  ground,  such 
as  the  motor  or  chassis.  Take  another  piece  of  secondary  cable  and 
connect  one  end  of  it  to  the  ground.  Bare  the  other  end,  and  pass 
this  along  the  entire  length  of  the  cable  being  tested,  very  close  to, 
or  actually  touching,  the  insulation  of  the  cable  under  test.  If  there 
are  any  weak  spots  in  the  insulation,  a  spark  will  jump  through  it 
to  the  testing  wire.  In  case  a  vibrating  coil  is  at  hand  for  making 
thb  test,  it  will  not  be  necessary  to  insert  the  buzzer  as  mentioned. 

Q.  What  is  likely  to  result  when  there  are  weak  spots  in  the 
insulatfon  of  the  secondary  cables? 

A,  The  high-tension  current  will  escape  through  them  to  the 
ground,  because  of  the  nearness  or  actual  contact  of  the  secondary 
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cable  with  the  motor  cylinders  or  other  metal  parts.  This  leakage 
will  be  neither  visible  nor  audible,  unless  the  insulation  is  very  bad, 
and  the  failure  to  fire  will  usually  be  attributed  to  the  spark  plug 
instead. 

Q.    Should  primary  cables  be  tested  in  the  same  manner. 

A.  It  is  not  necessary;  as,  unless  the  insulation  is  actually  worn 
oflF,  there  will  be  no  escape  of  current,  owing  to  its  low  voltage. 
Where  solid  instead  of  flexible  primary  wire  is  employed,  as  on  some 
old  cars,  or  where  the  owner  has  made  replacements,  a  test  for  a 
break  in  the  wire  itself  under  the  insulation  may  be  made  with  the 
aid  of  the  battery  and  buzzer  alone. 

Q.  Are  the  causes  of  failure  similar  in  a  true  high-tension 
magneto? 

A.  No.  As  the  primary-generating  winding  and  the  secondary, 
or  high-tension  winding,  are  both  on  the  armature  of  the  magneto 
itself,  and  all  connections,  except  the  high-tension  leads  from  the 
distributor  to  the  spark  plugs,  are  made  internally,  there  are  no  out- 
side cables,  terminals,  or  coils  to  default.  Unless  the  repair  man  has 
become  proficient  in  testing  electrical  apparatus  and  has  familiarized 
himself  with  the  construction  of  the  high-tension  type,  he  wnll  find  it 
preferable  to  refer  to  the  manufacturer  any  cases  of  trouble  in  this 
class  of  apparatus.  In  fact,  the  maker  usually  absolves  himself  from 
any  responsibility  in  case  a  magneto  of  this  t^^pe  has  been  taken 
apart.  Even  where  the  repair  man  is  capable  of  dismantling  and 
testing  this  type  of  magneto,  its  repair  would  ordinarily  be  beyond 
his  facilities,  so  tliat  it  is  better  to  refer  it  to  the  maker  at  once. 

Q.  Are  there  any  faults,  peculiar  to  the  ^'duplex"  or  to  the 
''double=spark''  types  of  magnetos,  which  are  not  encountered  in 
the  others? 

A.  In  the  case  of  the  duplex  type,  there  may  be  a  failure  to 
work  of  the  battery  connections  or  of  the  battery  conunutator  on 
the  armature  shaft,  i.e.,  the  commutator  which  throws  the  battery 
current  into  phase  with  the  armature  current  of  the  magneto  when 
starting.  Since  the  advent  of  the  self-starter,  this  type  of  magneto 
has  had  no  particular  adxantage  to  recommend  it,  and  will  be  foimd 
only  on  older  cars.  As  the  only  dilTerence  between  the  double-spark 
and  the  usual  magneto  is  a  duplication  of  the  distributor  to  give  two 
sparks  in  the  cylinder  instead  of  one,  its  treatment  is  the  same. 
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There  are  simply  two  distributors  to  maintain  instead  of  one.  This 
type  is  also  of  limited  application  and  will  be  fomid  only  on  com- 
paratively few  cars  of  several  years  back. 

Q.    Why  is  it  fanportant  that  the  magneto  be  accurately  timed? 

A.  Unless  the  spark  occm^  at  exactly  the  right  moment,  the 
motor  will  not  operate  efficiently.  If  it  occm^  too  soon,  the  explosion 
will  tend  to  retard  the  piston;  if  too  late  most  of  the  power  that 
would  have  been  derived  from  the  compression  will  be  lost.  As  the 
lag,  i.e.,  the  time  intervening  between  the  moment  the  contact 
points  are  opened  at  the  interrupter  and  the  occurrence  of  the  spark 
at  the  plug,  is  negligible  in  the  magneto,  it  must  be  more  accurately 
timed  than  the  old  battery  and  vibrator-coil  system. 

Q.  Does  the  magneto  ever  fail  to  operate  through  lack  of  oil, 
and  what  attention  should  be  given  to  its  lubrk:ation? 

A.  Prior  to  1910,  when  some  of  the  lower-priced  magnetos  were 
made  with  plain  bearings,  this  naturally  occurred,  but,  with  the 
adoption  of  high-grade  annular  ball  bearings  for  the  magneto  shaft, 
it  is  practically  unknown.  However,  even  the  high-grade  ball  bear- 
ing will  not  operate  without  lubrication.  If  it  runs  dry,  the  balls 
are  apt  to  rust  and  ruin  the  bearing.  Most  of  these  bearings  are 
packed  with  vaseline,  or  similar  light  grease,  when  the  machine  is 
assembled  and  require  no  attention  during  the  life  of  the  average 
car.  Where  this  has  not  been  done,  as  on  some  of  the  older  machines, 
a  few  drops  of  fine  sewing-machine  oil  once  a  year  will  suffice.  The 
pivot  and  roller  of  the  contact-breaker  arm  also  should  be  oiled  once 
or  twice  a  year  with  one  drop  of  oil  to  each,  using  a  toothpick. 

Q.  When  taldng  a  magneto  apart,  as  where  it  is  necessary  to 
remagnetize  the  fields,  why  is  it  of  the  greatest  importance  to 
reassemble  them  in  the  same  way? 

A.  Unless  this  is  done,  the  polarity  of  the  fields  will  be  reversed 
and  the  machine  will  not  generate  properly.  The  maker  usually 
identifies  the  polarity  of  the  fields  by  marking  the  magnets  so  that  it 
is  easy  to  reassemble  them  in  the  proper  manner.  See  the  illustra- 
tion of  the  Eisemann  magneto,  Fig  103. 

Q.  When  remagnetizing  the  field  magnets  of  a  magneto,  why 
is  it  important  that  thefa*  polarity  should  not  be  changed  in  the 
process? 

A.    The  effect  would  be  exactly  the  same  as  if  the  remagnetizing 
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were  carried  out  properly,  so  far  as  their  polarity  were  concerned,  and 
then  the  magnets  were  put  back  the  wrong  way.  The  machine 
would  not  generate.  For  example,  the  marking  on  the  side  of  the 
Eisemann  magneto  indicates  the  north  pole  of  its  fields.  If  in 
remagnetizing,  this  side  of  the  field  is  made  the  south  pole,  and  it 
is  then  correctly  assembled,  it  will  be  evident  that  the  polarity  of 
the  entire  field  has  been  reversed. 

Q.  In  the  case  of  the  dual  mi^eto,  how  can  trouble,  caused 
by  the  grounding  of  the  dry  cells  against  the  metal  battery  box,  be 
overcome? 

A.  By  making  a  tight-fitting  wooden  box  to  hold  the  batter>', 
this  wooden  box  fitting  inside  the  metal  one. 

Q.  Does  the  care  required  by  an  Inductor  type  of  magneto 
vary  from  that  necessary  for  other  types? 

A.  No.  So  far  as  its  outside  connections  go,  it  is  the  same. 
That  is,  in  a  dual  t>T)e  installation,  using  an  external  coil,  or  trans- 
former, the  causes  of  trouble  and  their  remedies  will  be  the  same  as 
in  any  dual  system,  as  already  given;  and  this  also  appUes  to  the 
high-tension  dual  type. 

Q.  In  the  order  of  their  occurrence,  what  are  the  commoner 
causes  of  failure  of  the  magneto,  due  to  wear  of  its  parts? 

A.  In  practically  every  case  of  failure  of  the  magneto  that  is 
not  otherwise  apparent  at  a  glance,  an  inspection  should  always  be 
made  of  the  contact  points  in  the  breaker  box.  Unless  they  open 
properly  when  the  cam  strikes  the  lifter,  no  current  reaches  the  out- 
side circuit  and  the  coil  is  not  energized.  Next,  inspect  the  contact 
of  the  collector  brush;  see  that  it  is  clean;  that  it  is  making  gqod 
contact  over  its  entire  surface;  and  that  its  spring  is  holding  it  firmly 
in  place.     x\fter  this,  inspect  the  distributor. 

Q.  How  often  should  the  contact  points  in  the  breaker  box 
require  attention? 

A.  This  will  depend  upon  the  type  of  magneto,  and  when  it 
was  made.  On  some  of  the  earlier  types,  prior  to  1909,  no  condensers 
were  used  on  many  of  the  lower-priced  magnetos,  and  the  points 
required  attention  evtTv  3,000  or  4,000  miles.  Others  will  run  two 
or  three  times  this  distance  without  requiring  attention.  If,  when 
the  points  have  been  found  in  poor  condition,  they  have  not  been 
properly  trued  up  and  adjusted,  they  are  apt  to  require  attention 
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ain  much  sooner^  as  any  irregularities  in  their  contact  faces  will 
use  them  to  bum  away  much  more  rapidly. 

Q.  As  the  platinum  contacts  of  the  nu^eto  breaker  box  are 
pensive,  how  far  down  can  they  be  allowed  to  wear  before  it  is 
cessary  to  replace  them? 

A.    This  will  depend  ui>on  the  amount  of  adjustment  provided. 

I  long  as  there  is  suflScient  platinum  left  to  provide  a  true  surface 

each  contact  point,  it  will  not  be  necessary  to  replace  them  if 

ey  can  be  adjusted  so  that  the  cam  opens  and  closes  them  properly. 

Q.  Since  the  magneto-amiature  circuit  is  normally  closed 
on  itself  and  only  opens  when  a  spark  is  required  at  one  of  the 
igs,  how  is  the  magneto  ignitk>n  shut  off? 

A.  By  short-circuiting  the  armature  around  the  contact  points 
stead  of  opening  the  entire  ignition  circuit,  as  in  the  case  of  a  battery 
lere  it  is  necessary  to  save  current,  the  generating  part  of  the 
•cuit  is  closed.    This  is  true  of  all  high-tension  magnetos. 

Q.  When  the  contact  points  of  the  interrupter  of  the  magneto 
il  to  separate,  what  is  the  result? 

A.  The  armature  remains  short-circuited  upon  itself  through- 
t  the  revolution,  and  no  current  reaches  the  outer  circuit,  so  that 
e  engine  will  not  fire  on  the  magneto  at  all. 

Q.  What  is  the  result  when  the  contacts  open  but  the  gap  is 
•t  wide  enough? 

A.  Erratic  missing,  probably  at  all  speeds,  but  more  pro- 
»unced  when  the  engine  is  running  slowly.  The  increased  kick 
iren  the  movable  contact  arm  by  the  cam,  when  the  engine  is  run- 
Qg  fCt  a  higher  speed  will  cause  it  to  fire  more  regularly. 

Q.    What  happens  when  contact  points  are  separated  too  far? 

A.  The  missing  is  likely  to  be  more  noticeable  at  high  speeds 
an  at  low  speeds;  as,  when  turning  very  fast,  the  looseness  of  the 
^vable  contact  arm  may  prevent  it  from  closing  the  circuit  again 
time  for  the  next  cylinder  to  fire. 

Q.  What  is  the  proper  distance  for  the  setting  of  the  contact 
ints  of  the  magneto  interrupter,  or  breaker  box? 

A.  Approximately  iftr  inch,  or  the  equivalent  of  an  ordinary 
eet  of  paper.  When  the  points  are  properly  adjusted,  it  should 
possible  to  insert  the  paper  between  them  and  move  it  around 
tbout  binding. 
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Q.  How  an  the  coatad  poiaU  msmMMy  adjmsted? 
Jl  Fnuiimily  every  ougneto  mundactunr  now  stqjplies  an 
adjustmeotgse^, whkiiBen'csalsouaBcreirdriveror  Bufl  qmniier, 
aiuuordiug  to  tfa«  ouostructioo  of  the  intarupter.  llie  tiijdaiess  of 
the  loeuil  repretieiits  the  distance  that  the  contacts  sboakl  open. 
Ill  all  except  the  old  t\-p«^  produced  sev'eral  years  ago,  the  intemipter 
may  Iw  reoiovecj  without  the  use  of  any  tools,  and  the  adjustment 
made  without  the  necessity  of 
remo\'ing  the  magneto  bom  its 
bedplate.  The  following  instnic- 
tiuns  cover  the  Eisemann  dual 
t}-pe  in  this  respect,  and  are  topi- 
cal :  "Insert  from  behind  through 
the  hole  in  the  plate  canj-ing  the 
make-and-break  mechanism,  the 
metal  adjuster  which  we  supply 
with  every  magneto:  by  means 
of  a  flat  wrench  hold  the  nut 
on  platinum  screw  (contact)  and 
turn  the  platinum  screw  upward 
or  downward  until  there  is  a  gap 
of  B*!  inch  between  the  contacts, 
i.e.,  u  piece  of  pH[K>r  must  pass  between  them  without  getting 
JHmnicd",  Fig.  14;i. 

Q.  How  often  should  the  magnets  of  a  nu^eto  need  renu^- 
netlzlng? 

A.  No  definite  time  nor  average  can  be  given  for  this.  In 
Home  cases,  tlie  makers  stute  specifically  that  the  magnets  will  never 
need  reinHgiu'tizing  during  the  entire  life  of  the  machine,  unless  they 
are  taken  off  and  nllnwed  to  stand  without  a  "keeper",  i.e.,  a  piece 
of  soft  in)n  pla(t>i]  across  the  pole  pieces,  the  magnets  themselves 
Ix'iiig  plnct^l  in  tliclr  usual  relation  as  when  on  the  machine.  In 
ollicrs,  it  has  hc^n  nothing  unusual  to  require  this  once  a  year,  or 
after  fi.tHKI  to  10.000  miles  running. 

Q.  How  can  H  be  determined  definitely  whether  the  magnets 
actually  need  r«ma2nelizing  or  not? 

A,  Many  cases  of  weak  or  faulty  ignition  are  attributed  to 
Kkss  tif  strength  in  the  magnets,  when  they  are  actually  due  to  some- 
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thing  else.  Before  deciding  that  the  magnets  themselves  are  at  fault, 
every  part  of  the  system  should  be  gone  over  thoroughly.  See  that 
the  contact  points  are  clean  and  true,  and  that  they  are  properly 
adjusted;  that  the  low-tension  collecting  brush,  or  contact,  is  clean 
and  is  making  good  contact;  also,  that  the  distributor  is  clean. 
Inspect  all  terminals  and  connections.  Test  the  condenser.  Dis- 
connect one  of  the  spark-plug  leads,  keep  it  away  from  any  metal 
part  of  the  chassis  and,  with  the  engine  running,  note  whether  a 
spark  occurs  at  the  safety  gap.  In  a  high-tension  magneto,  this  gap 
is  ually  located  in  the  hollow  of  the  magnets  back  of  the  distributor; 
in  a  low-tension  type,  having  a  separate  coil,  it  is  usually  on  the  coil. 
Take  the  spark-plug  lead  which  has  been  detached  (engine  running) 
and  approach  its  metal  terminal  gradually  to  the  spark-plug  end,  or 
to  some  metal  part  of  the  engine,  noting  the  maximum  distance  that 
the  spark  will  bridge.  If  this  is  one-quarter  inch  or  more,  the  mag- 
nets are  not  at  fault. 

Q.  When  there  is  no  question  but  that  the  magnets  are  the 
cause  of  faulty  ignitfon,  how  can  the  magnets  be  renu^etized? 

A.  With  the  aid  of  a  small  electromagnet,  as  described  in  the 
chapter  on  this  subject.  Care  must  be  taken  to  see  that  the  polarity 
of  the  magnets  is  not  reversed  in  the  process,  as  this  will  render  the 
magneto  altogether  inoperative. 

Q.    How  is  the  ground  connection  made  in  a  magneto? 

A.  One  side  of  the  winding  of  the  armatiu^  in  a  low-tension 
type,  and  of  both  windings,  i.e.,  the  primary  and  secondary  are 
grounded  by  being  electrically  connected  directly  to  the  core  of 
the  armature  itself,  in  the  high-tension  type.  The  fastening  of  the 
magneto  in  its  bedplate  on  the  engine,  completes  this  ^rround  con- 
nection. 

Q.  is  it  ever  advisable  to'  insert  paper  liners,  or  liners  of  any 
materialf  between  the  nu^eto  and  its  bedplate? 

A.  If  on  an  old  car,  it  is  necessary  to  resort  to  Uners  or  shims 
to  correct  the  alignment  of  the  magneto  with  its  driving  shaft, 
nothing  but  thin  sheets  of  brass  or  iron  should  ever  be  employed,  as 
the  use  of  any  insulating  material  for  this  purpose  would  br^ak  the 
ground  connection  and  prevent  the  magneto  from  functioning 
properly.  But  even  on  old  cars,  where  the  lack  of  alignment  of  the 
magneto  with  its  shaft  is  such  as  to  be  plainly  perceptible  to  the 
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unaided  eye,  the  Oldham  coupling  usually  employed  on  the  driving 
shaft,  allows  suihcient  play  to  compensate  for  this.  Any  lack  of 
alignment  is  more  likely  to  be  due  to  carelessness  in  replacing  the 
magneto  after  it  has  been  removed  from  the  engine  for  attention, 
than  to  any  fault  in  the  placing  of  the  bedplate  and  driving  shaft. 

Q.  What  will  be  the  result  of  the  magneto  being  lined  up 
incorrectly? 

A.  The  universal  coupling  is  apt  to  wear  badly,  and  the  side 
pressure,  which  the  lack  of  alignment  causes,  may  not  be  taken  care 
of  entirely  by  the  coupling,  so  that  the  pressure  has  to  be  taken  in 
part  by  the  magneto  shaft  and  its  bearing.  This  will  result  in  undue 
wear  of  the  bearing  and,  in  time,  may  permit  the  armature  core  of 
the  magneto  to  strike  the  pole  pieces,  or  sides  of  the  tunnel,  so  that 
it  will  jam.  On  many  of  the  higher-priceil  cars,  a  flexible  coupling, 
consisting  of  leather  discs,  is  employed  for  the  magneto  drive, 

Q.  Which  is  more  likely  to  occur,  separation  of  the  points  by 
too  great  a  distance  or  their  coming  together  so  that  they  do  not  open? 

A,  The  result  of  wear  will  usually  be  to  increase  the  distance 
between  the  points,  but  the  wTiter  has  experienced  the  opposite  on 
an  old  car  where  the  cam  apparently  wore  down  faster  than  the  points 
and  prevented  their  opening.  This  was  probably  due  to  improper 
hardening  of  the  cam  itself  or  to  the  fact  that  the  roller  was  harder 
than  the  cam.  Many  of  the  later  moflcls  do  not  employ  a  roller  in 
the  movable  contact  arm,  the  cam  striking  directly  against  a  pro- 
jection on  the  arm  itself  (sec  Eisemann  interrupter.  Fig.  143).  An 
example  of  the  roller  type,  is  the  K-W  interrupter.  Fig  69. 

Q.  Is  it  possible  for  the  adjustment  of  the  contact  points  to 
wear  to  such  a  d^^^  that  the  m^neto  will  fire  the  engine  at  high 
speeds,  but  not  at  all  at  low  speeds? 

A.  Instances  of  this  nature  on  old  magnetos  have  proved  a 
puzzling  cause  of  ignition  failure.  The  extra  kick  of  the  cam  at 
high  speeds  would  separate  the  points,  whereas  at  low  speeds  they 
remained  together. 

Q.  Inspection  having  shown  other  parts  of  the  ignition  system 
to  be  in  good  order,  how  can  it  be  determined  whether  the  magneto 
itself  is  at  fault? 

A.  Run  the  engine  on  the  battery,  and  switch  from  battery  to 
•MAraeto  while  the  engine  is  running  at  a  good  speed.     If  the  magneto 
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is  not  operating  properly,  the  difference  in  running  will  be  perceptible 
immediately;  in  case  the  contact  i>oints  are  not  opening,  the  explosions 
will  cease  at  once  upon  throwing  the  switch  to  "magneto". 

Q.    Wbat  is  meant  by  ''ignition  timing'7 

A.  A  foup-cyde  motor  is  so-called  because  there  are  four  parts 
to  each  cycle:  viz,  suction,  compression,  firing,  exhaust.  It  is 
evident  that  ignition  is  necessary  only  at  one  part  of  the  cycle  and 
that  the  spark  must  occur  at  a  certain  time  with  relation  to  the 
carrying  out  of  that  part  of  the  cycle.  Determining  the  point  at 
which  the  spark  is  to  occur  in  that  part  of  the  cycle  is  usually  referred 
to  as  the  "timing  of  the  spark",  or  as  the  "ignition  timing". 

Q.    Is  it  necessary  that  this  be  carried  out  with  precision? 

A.  In  the  high-speed  automobile  motors  of  the  present  day,  it 
must  be  extremely  accurate  with  relation  to  the  movement  of  the 
piston  and  must  be  exceedingly  rapid  in  action;  otherwise,  the 
eflBciency  of  the  motor  would  suffer  greatly.  In  the  slower-running 
motors  with  fewer  cylinders,  of  several  years  ago,  neither  of  these 
factors  was  of  such  great  importance;  but  the  present-day  high-speed 
multi-cylinder  motors  could  never  be  operated  satisfactorily  on 
ignition  apparatus  of  the  type  familiar  on  1910  models,  for  example. 

Q.  Why  would  a  variation  or  a  laclc  of  precision  affect  the 
running  of  the  motor? 

A.  Speeds  are  now  so  high  that  the  time  factor  is  reduced  to 
exceedingly  small  fractions  of  seconds.  For  example,  take  a  high-speed 
four.  It  turns  at  2500  r.p.m. :  as  there  are  two  explosions  per  revolu- 
tion in  a  four-cylinder  motor,  this  would  mean  5000  sparks  per 
minute,  or  one  spark  every  .012  second.  This  is  cutting  time  pretty 
fine,  biit  in  a  modem  twelve-cylinder  motor,  it  is  finer  still.  Say  the 
twelve  runs  at  3000  r.p.m.:  in  a  twelve  there  would  be  six  explosions 
per  revolution,  requiring  18,000  sparks  per  minute,  or  one  for  every 
.0033  second — thirty-three  ten-thousandths  of  a  second — an 
incredibly  brief  space  of  time  in  which  to  carry  out  a  combined 
mechanical  and  electrical  function. 

Q.    How  is  this  extreme  accuracy  obtained? 

A.  By  the  use  of  precision  machine  work  in  the  distributor, 
approaching  that  of  a  fine  watch,  and  a  great  amount  of  "advance" 
to  compensate  for  any  lag  in  either  the  mechanical  or  electrical 
functioning  of  the  apparatus. 
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Q.  Wbat  is  meant  by  ''lag'%  and  what  is  the  diffefence  between 
mechanical  and  electrical  ''lag'7 

A.  As  the  term  implies^  lag  is  delay:  in  other  words,  it  is  the 
time  elapsing  between  the  moment  a  part  begins  to  move  and  the 
actual  moment  at  which  it  moves  and  makes  contact  or  carries  out 
the  function  for  which  it  is  designed.  Mechanical  lag  is  due 
entirely  to  the  time  necessary  to  overcome  the  inertia  either  of  a  part 
that  is  stationary  or  of  one  that  is  moving  in  another  direction  and 
whose  direction  must  be  reversed.  Electrical  lag,  on  the  other  hand, 
is  the  time  elapsing  between  the  moment  that  current  is  switched 
into  a  piece  of  electrical  apparatus  and  the  moment  that  the  apparatus 
actually  operates.  This  will  appear  strange  at  first  sight  in  view  of| 
the  universal  belief  that  anything  electrical  operates  so  swiftly  that 
it  is  next  to  imp>ossible  to  measure  the  time  required.  This  is  tru 
when  nothmg  more  than  the  passing  of  a  current  of  electricity  from 
one  point  to  another  is  concerned,  but  when  actual  work  must  be 
performed  by  the  current,  the  time  required  is  not  only  measurable 
but  it  may  be  so  perceptible  as  to  have  a  decided  effect  upon  such 
extremely  rapid  functioning  as  that  mentioned.  For  example, 
when  the  work  to  be  performed  by  the  current  consists  of  magnetizing 
the  core  of  a  coil,  as  is  necessary  in  automobile  ignition,  the  time 
element  is  quite  perceptible,  as  may  be  noted  by  referring  to  the 
oscillograph  of  the  spark  produced  by  an  induction  coil,  Fig.  95.  A 
coil  having  the  characteristics  shown  by  this  oscillograph  would  be 
worthless  on  a  modem  high-speed  motor. 

Q.    How  is  this  lag  compensated  for? 

A.  By  advancing  the  moment  that  contact  is  made  outside  of 
the  cylinder  to  an  extent  that  will  insure  the  occurrence  of  the  spark 
in  the  cylinder  at  the  proper  moment.  In  other  words,  the  current 
is  started  on  its  way  sooner  with  relation  to  the  movement  of  the 
piston.    This  is  generally  referred  to  as  **advancing  the  spark". 

Q.  What  is  the  proper  point,  in  the  travel  of  the  piston  on  the 
compression  stroke,  for  the  ignition  spark  to  occur? 

A.  Exactly  at  the  upper  dead  center  just  before  the  piston 
starts  downward  again.  The  compression  is  then  at  its  maximum, 
and  firing  the  charge  exactly  at  that  moment  results  in  the  production 
of  the  greatest  amount  of  power.  The  compression  falls  ofif  very 
rapidly  the  moment  the  piston  starts  down  on  the  power  stroke,  so 
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that  in  a  high-speed  motor,  the  loss  of  even  a  very  minute  fraction 
of  a  second  causes  a  considerable  loss  of  energy. 

Q.    What  will  happen  if  it  occurs  too  soon? 

A.  This  will  depend  largely  up>on  the  t^-pe  of  motor  and  up>on 
how  much  in  advance  of  the  proper  time  it  actually  occurs.  In  a 
slow-speed  type  running  well  below  its  normal  r.p.m.  rate,  as  where 
a  motor  with  a  normal  speed  of  1000  r.p.m.  is  slowed  down  to  600 
r.p.m.,  owing  to  climbing  a  hill,  advancing  the  spark  to  its  maximum 
will  cause  hanunering  or  pounding  in  the  cylinders,  indicating  that 
the  explosion  is  taking  place  before  the  piston  reaches  upper  dead 
center  and,  consequently,  that  most  of  its  energy  is  being  expended 
against  the  rising  piston,  instead  of  helping  thrust  it  downward  as  it 
should.  ^When  running  at  its  normal  rate,  the  piston  speed  of  such 
a  motor  would  be  sufficient  for  the  piston  to  have  reached  upper 
dead  center  before  the  burning  gases  had  time  to  expand,  so  that  their 
entire  output  of  energy  would  be  expended  in  producing  power.  In 
high-speed  multi-cylinder  motors  with  their  diminutive  cylinders 
and  light  moving  parts,  the  piston  speed  is  so  great  that  even  the 
maximum  advance  in  the  ignition  timing  would  have  no  effect, 
even  as  the  lowest  speed  of  which  the  motor  is  capable. 

Q.    What  is  the  result  when  the  spark  occurs  too  late? 

A.  The  piston  has  already  started  on  its  downward  stroke; 
the  point  of  maximum  compression  has  been  passed,  so  that  the  full 
benefit  of  the  compression  is  lost,  and  with  it,  a  large  part  of  the 
energy  that  would  otherwise  have  been  utilized. 

Q.  Has  running  with  a  late  spark  any  other  effect  on  the 
motor? 

A.  Yes.  The  gas  in  the  combustion  chamber  is  ignited  so  late 
that  it  continues  to  bum  after  the  exhaust  valve  is  opened.  As  the 
heat  imits  it  contains  are  not  utilized  as  power,  they  are  retained 
longer  in  the  cylinder  in  the  form  of  heat;  the  water  jackets  are 
compelled  to  ab3orb  50  per  cent  more  of  the  heat  than  they  should; 
and  the  whole  motor  is  said  to  "run  hot"  or  to  "overheat".  The  late 
combustion  of  the  gases  does  not  permit  of  sufficient  time  for  the 
normal  amount  of  heat  to  escape  by  way  of  the  exhaust,  so  that  there 
is  still  burning  gas  in  the  combustion  chamber  when  the  exhaust 
valve  closes. 

Q.    What  other  term  is  used  in  referring  to  a  iate  spark? 
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A.  Retarde<l  ignition,  or  a  retanled  spark,  meaning  one  that 
occurs  later  in  the  firing  part  of  the  cycle,  i.e.,  later  with  relation  to 
the  travel  of  the  piston  itself.  An  early  spark,  or  advanced  spark,  i- 
set  to  occur  or  rather  start  to  take  place  well  before  the  piston  ha- 
reached  upper  dead  center  on  the  compression  stroke.  The  time  uf 
ignition  is  always  based  on  its  relation  to  the  position  of  the  piston. 
tliough  frequently  referred  to  in  terms  of  degrees  on  the  periphery  ni 
the  flywheel.  This  is  done  for  greater  convenience  in  setting  thr 
ignition,  as  the  timing  of  the  valves  is  always  marked  on  the  rim  ot= 
the  flvwhetJ. 

Q.  Why  is  it  necessary  to  have  the  ignition  occur  later  at  omi 
time  than  at  another? 

A.    To  permit  of  starting  the  motor,  especially  by  hand.    TIk 
time  of  ignition  is  advanced  to  compensate  for  the  extremely  rapi»- 
travel  of  the  piston,  and  is  designed  to  cause  the  spark  to  take  placij 
just  as  the  piston  reaches  upper  dead  center  on  the  compressior 
stroke.    In  iiigh-si)ced  motors  this  advance  amounts  to  as  much  a 
1  iiicli  of  the  stroke.    It  will,  accordingly,  be  evident  that  if  m 
attempt  be  made  to  start  the  motor  with  the  spark  advanced,  igni-j 
tion  will  take  place  before  the  piston  reaches  upper  dead  center  anil 
the  motor  will  kick  back. 

Q.  How  much  allowance  is  usually  made  for  retarding  the 
time  of  ignition? 

A.  In  the  ordinary  type  of  motor  in  which  the  speed  does  imt 
exceed  1 ')0()  to  ISOO  r.p.m.,  it  is  customary  to  have  the  latest  timing: 
ailowid  coincide  with  the  upper  dead  center  position  of  the  pistiui. 
In  >unic  ca>ics,  the  spark  may  be  retarded  to  take  place  after  the 
])i<toii  lias  traveled  a  short  distance  down  on  the  firing  stroke,  or 
alxHit  .")  de^rrees  to  7  degrees  on  the  rim  of  the  flywheel.  In  the 
majority  of  cases,  however,  **extremc  retard**  is  at  the  upper  dead 
center  of  tin*  |)i--ton. 

Q.  How  is  the  time  of  ignition,  or  ''spark**,  advanced  and 
retarded? 

A.  Tile  timer,  in  the  case  of  a  system  using  vibrator  coils,  anil 
till'  ^li^tril^It(»r,  in  all  -\  -^tem>  using  one  vibratorless  coil,  consist.N  cf 
two  parts.  Ill  the  caM-  of  the  timer,  the  four  contacts  for  a  four- 
cylinder  motor  are  >ei  into  the  inner  periphery  of  a  circular  easing; 
and  a  >in^K'  revolving  c(»ntact,  mounted  on  the  camshaft,  piis>e- 
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over  tliem  consecutively,  sending  the  current  through  the  primary 
vnndiiig  of  eadi  of  the  induction  coils  in  rotation.  These  coils  are 
odnnected  to  the  spark  plugs  of  the  different  cylinders  in  the  proper 
Bring  order.  While  this  outer  casing  of  the  timer  is  normally  sta- 
donary,  it  may  be  moved  part  of  a  revolution  with  relation  to  the  posi- 
tion of  the  revolving  contact.  For  example,  if  the  moving  member 
in  its  revolution  were  within  20  degrees  of  touching  the  contact 
ooneqxmding  to  coil  and  cylinder  No.  1,  and  then  the  casing  were 
revolved  20  d^^ees  in  the  same  direction  as  that  in  which  the  con- 
tact is  moving,  it  will  be  evident  that  the  meeting,  or  contact,  of  the 
two  will  take  place  that  much  later,  and  the  occurrence  of  the  spark 
in  the  cylinder  will  be  correspondingly  delayed.  If,  instead  of  being 
moved  away  from  the  revolving  contact,  the  housing  is  revolved 
Against  the  direction  of  rotation  of  the  contact,  the  two  will  come 
together  that  much  sooner  and  the  spark  will  be  advanced,  or  occur 
earlier.  This  housing  of  the  timer  is  connected  by  means  of  linkage 
mth  the  spark  lever  under  the  steering  wheel. 

In  the  case  of  the  distributor,  the  principle  is  exactly  the  same, 
except  that  the  current  is  sent  in  turn  by  each  one  of  the  contacts, 
through  the  same  induction  coil,  instead  of  having  a  coil  for  each 
pylinder.  The  method  of  accomplishing  this  result  is  also  varied: 
in  many  magnetos  the  distributor  consists  of  a  revolving  block 
carrying  a  single  contact,  while  a  carbon  brush  for  each  cylinder 
bears  against  it.  In  most  of  the  battery-system  distributors,  the 
arrangement  is  very  similar  to  a' timer,  but  the  construction  and 
Insulation  are  naturally  carried  out  in  very  much  better  fashion. 

Q.   What  is  meant  by  an  advance  of  30  degrees  for  the  ignition? 

A.  That  the  difference  between  the  point  of  extreme  retard, 
usually  upper  dead  center  of  the  piston,  and  that  of  maximum 
advance  or  earliest  ignition  for  high  speed,  represents  'M)  degrees 
on  the  flywheel.  Just  what  this  corresponds  to  in  inches  on 
the  flywheel  naturally  depends  entirely  upon  the  diameter  of  the 
flywheeL 

Q,    What  is  meant  by  the  magneto  setting  point? 

A.  This  is  a  line  inscribed  on  the  flv wheel  in  the  same  manner 
as  the  usual  marks  for  the  valve  timing  of  the  motor.  There  is  a 
corresponding  dead  line,  or  pointer,  on  the  crankcase,  with  whicli 
these  lines  on  the  flywheel  are  registered  to  check  the  vah'e  timing 
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ture  coils  that  it  carries.  With  a  battery,  however,  the  occurrence 
of  the  spark  is  just  as  rapid  at  low  speeds  as  at  high,  so  that  attempt- 
ing to  start  on  the  battery  with  the  lever  fully  advanced  will 
invariably  result  in  a  vicious  back  kick;  the  whole  force  of  the  explo- 
sion is  exerted  against  the  rising  piston.  As  there  is  a  greater  amount 
of  lag  in  the  ordinary  battery  system  than  there  is  with  the  magneto 
the  movement  of  the  spark  lever  represents  more  actual  advance,  as 
this  is  necessary  to  provide  for  the  time  lost  in  the  operation  of  the 
system.  This,  however,  applies  only  to  old  battery  systems,  such  as 
the  dry  cells  u^  in  connection  with  the  magneto  in  a  dual  systems 
and  not  so  much  so  to  the  so-called  modern  battery-ignition  systems 
which  are  practically  as  rapid  as  the  magneto. 

Q.    What  is  meant  by  fixed  ignition? 

A.  The  time  of  ignition  is  not  variable  by  means  of  a  spark- 
advance  lever.  Only  a  magneto  is  employed  (true  high-tension 
type)  for  ignition  and  it  is  set  to  fire  at  the  maximum  advance  at  all 
times  when  running.  Provision  is  usually  made  for  retarding  the 
time  of  ignition  to  allow  for  hand  starting,  though  this  is  not  always 
the  case,  as  it  is  not  absolutely  necessary  (see  answer  to  previous 
question).  Otherwise,  the  ignition  is  always  advanced  to  the  maxi- 
mum and  there  is  no  lever  on  the  steering  wheel  for  varying  it.  This 
type  of  ignition  system  has  been  very  generally  employed  abroad 
and,  more  particularly  in  France,  on  commercial  vehicles,  such  as 
cabs,  but  has  never  found  any  favor  here.  It  has  not  been  used  in 
this  country,  except  on  a  very  few  makes  of  cars,  and  then  only  for 
the  models  of  one  or  two  seasons,  the  latest  being  about  1912. 

Q.  What  is  meant  by  automatically  advanced  ignition,  and 
how  is  this  accomplished? 

A.  Instead  of  rel>ang  upon  a  manually  operated  spark  lever 
under  the  steering  wheel,  a  centrifugally  operated  device  is  incor- 
porated with  the  timer  or  distributor.  As  this  depends  upon  the 
sp)eed  of  the  motor  for  its  operation,  the  ignition  timing  is  always  at 
the  point  of  extreme  retard  when  the  motor  is  stopped,  so  that  it  may 
be  cranked  by  hand  without  taking  any  precautions  to  retard  the 
spark.  The  device  is  practically  a  small  centrifugal  governor  the 
weights  of  which  expand  against  the  action  of  a  spring  under  the 
influence  of  increasing  speed.  These  weights  are  connected  by  a 
fever  to  the  timer,  or  distributor  housing,  so  that,  as  they  expand 
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and  the  setting  of  the  magneto.  When  the  magneto-setting  lines  on 
the  flywheel  is  directly  opposite  the  dead  line,  or  pointer,  on  the 
crankcase,  the  piston  of  cylinder  No.  1  should  be  at  upper  dead 
center  exactly  on  the  compression  stroke,  i.e.,  on  the  previous  down 
stroke,  it  has  drawn  in  a  fresh  charge,  and  when  the  piston  again 
reaches  upper  dead  center  it  has  completed  compressing  this  charge, 
so  that  the  cylinder  is  then  ready  to  fire.  With  the  piston  of  this 
cylinder  at  the  position  in  question,  the  contact  points  in  the  breaker 
box  of  the  magneto  should  be  just  opening. 

Q.  How  is  the  ignition  timing  advanced  or  retarded  on  a 
magneto? 

A.  The  magneto  breaker  box  may  be  moved  part  of  a  revolu- 
tion, with  relation  to  the  contact  points,  in  exactly  the  same  manner 
as  previously  described  for  a  timer  or  distributor.  This  alters  the 
relation  of  the  cam  which  opens  the  contact  points  to  the  latter  s<i 
that  their  separation  takes  place  earlier  or  later,  in  accordance  with 
the  direction  the  breaker  box  is  rotated. 

Q.  Why  is  it  that  a  motor  may  be  cranked  by  hand  with  the 
spark  lever  in  the  fully  advanced  position  when  starting  on  the 
magneto,  and  why  can  this  not  be  done  safely  with  a  battery? 

A.  There  is  less  actual  advance  in  the  time  of  ignition,  as 
supplied  by  the  magneto,  represented  by  the  movement  of  the 
spark  lever.  That  is,  moving  the  spark-advance  lever  to  its  maxi- 
mum does  not  cause  so  much  advance  in  the  actual  timing  of  the 
ignition  when  connected  to  the  magneto  for  starting,  as  it  does  when 
connected  to  the  battery.  The  speed  of  the  magneto  itself  is 
responsible  for  a  considerable  advance  in  firing  time  when  the  motor 
is  running,  whereas  the  battery  ignition  has  a  fixed  speed  of  operation, 
regardless  of  whether  the  motor  is  being  turned  over  by  hand  or  is 
bcng  run  full  speed.  Moreover,  as  the  usual  magneto  setting  point 
is  ui)per  dead  center,  the  spark  does  not  actually  occur  until  slightly 
later,  when  the  motor  is  being  cranked  slowly,  so  that,  while  the 
spark  lever  may  he  in  the  advanced  position,  the  actual  occurrenct* 
of  the  sjiai  k  is  not  perceptibly  earlier  than  it  would  be  with  the  lever 
fully  retarded.  '^I'his  makes  it  possible  to  crank  the  motor  with  the 
lever  fully  advanced  on  the  magneto,  without  any  danger  of  a  back- 
fire. This  is  not  true  to  the  same  extent  with  the  Ford  magneto  a.s 
with  other  types,  owing  to  the  great  niunber  of  pole  pieces  and  arma- 
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A.  There  is  an  actual  break  between  the  lever  on  the  steering 
wheel  and  the  timer,  or  distributor,  or  the  breaker  box  of  the  magneto. 
This  is  apt  to  leave  the  ignition  timing  fully  advanced,  making  it 
dangerous  to  attempt  to  start  the  motor  by  cranking  it  on  the 
battery. 

Q.  Why  do  some  motors  require  a  greater  amount  of  ignition 
advance  than  others? 

A.  Because  of  their  greater  speed  or  the  increased  amount  of 
lag  in  the  ignition  system  which  must  be  compensated  for  by  the 
timing. 

Q.  What  system  of  ighition  has  the  greatest  amount  of  lag, 
and  which  the  least? 

A.  The  old  battery  system,  using  a  roller-contact  timer  and 
vibration  coils,  has  the  maximum  amount  of  lag,  as  there  b  both  a 
mechanical  and  an  electrical  lag.  The  high-tension  magneto  and 
the  modem  battery  system  are  great  improvements  in  this  respect, 
and  there  is  not  much  choice  between  them  on  this  point.  As  an 
illustration  of  the  effect  of  the  motor  speed  on  the  amount  of  advance 
required,  the  Packard  "twin-six* ',  using  a  modem  batterj'  system, 
requires  as  much  advance  as  the  old  Packard  "four'*,  on  which  a 
low-tension  magneto  was  employed;  while  the  Packard  six-cylinder 
motor,  which  was  fitted  with  a  high-tension  magneto,  required  con- 
siderably less  than  either  of  these. 

Q.  Why  is  it  necessary  in  some  ignition  systems  to  set  the 
spark  ''late'%  or  after  the  piston  has  actually  started  downward  on 
the  firing  stroke,  when  the  spark  lever  is  at  the  point  of  maximum 
retard*  while  in  others  it  is  only  necessary  to  set  it  at  upper  dead 
center? 

A.  This  is  due  to  the  difference  in  the  amount  of  lag,  and  also 
to  whether  a  battery  or  a  magneto  is  employed.  It  is  necessary  to 
insure  safety  in  hand  cranking,  as,  where  the  lag  is  reduced  to  the 
minimum,  the  explosion  would  take  place  before  the  piston  had 
reached  a  point  where  it  could  start  downward  on  the  firing  stroke, 
and  a  back  kick  would  result. 

Q.  Is  the  piston  actually  at  upper  dead  center  for  ignition- 
setting  purposes  when  it  has  ceased  to  rise? 

A.  No.  There  is  an  interval  in  the  revolution  of  the  crank 
during  which  the  piston  does  not  move,  i.e.,  while  the  crank  is  moving 
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in  practically  a  horizontal  plane,  and  it  should  complete  this  part  of 
the  revolution,  so  that  the  piston  is  just  on  the  point  of  starting 
downward  again  before  it  reaches  the  proper  point  for  ignition  set- 
ting at  maximum  retard. 

Q.    To  what  systems  does  fixed  ignition  occur? 

A.  This  refers  to  those  systems  in  which  there  is  no  provision 
made  for  altering  the  time  of  ignition,  either  by  a  manually  operated 
lever  on  the  steering  wheel,  or  by  an  automatic  device  for  advancing 
and  retarding  it.  In  other  words,  the  time  of  ignition  is  fixed  and 
is  always  the  same,  regardless  of  the  speed  of  the  motor.  It  can  be 
used  only  in  connection  with  a  magneto. 

Q.    What  is  the  ignition-setting  point  for  ''fixed''  spark? 

A.  This  represents  a  mean  between  what  would  be  the  points 
of  maximum  retard  and  maximum  advance  in  a  variable  svstem. 
The  spark  must  not  occur  too  late  as  the  motor  will  develop  only  a 
percentage  of  its  power  and  will  overheat;  nor  must  it  be  too  early, 
as  the  motor  is  then  apt  to  fire  against  the  rising  pbtons  when  slowed 
down,  as  in  climbing  a  hill  or  when  heavily  loaded.  The  magneto 
must  be  set,  therefore,  so  that  the  spark  occurs  before  the  piston 
reaches  upper  dead  center.  Just  how  much  in  advance  of  that 
I)oiiit  the  setting  should  be,  will  depend  upon  the  motor  itself.  As 
will  be  noted  in  the  table  of  firing  orders,  a  much  greater  range  of 
timing  is  allowed  for  on  some  motors  than  on  others,  so  that  there  is 
no  rule  which  will  apply  to  all.  The  ignition-setting  point  as  given 
by  the  manufacturer  should  be  learned  and  the  magneto  set  in 
accordance. 

Q.    Is  fixed  spark  ignition  in  common  use  on  American  cars? 

A.  Although  very  largely  used  abroad,  particularly  in  France. 
on  eoinnuTcial  vehicles  such  as  taxicabs,  it  has  never  found  favor 
here  and  will  be  found  on  very  few  cars. 

Q.  Is  there  any  other  method  of  checking  the  {gnitfon-setting 
point  besides  the  marks  on  the  flywheel  or  the  position  of  the  piston 
of  one  cylinder  in  its  relation  to  the  contacts  of  the  interrupter? 

A.  In  some  magnetos,  such  as  the  Eisemann,  there  is  a  set- 
ting mark  on  the  distributor  of  the  magneto.  When  the  piston  is  in 
the  proj^er  position  for  firin^^  it  is  only  necessary  to  bring  this  setting 
mark  in  line  with  a  setting  screw  on  the  stationary  part  of  the 
distributor. 
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Q.  Why  do  the  cylinders  of  an  automobUe  engine  not  fire 
consecutively? 

A.  Because  the  pistons  are  attached  to  the  crankshaft  in 
pairs  in  the  same  plane,  so  that  when  one  piston  of  a  pair  is  firing 
the  other  one  is  going  down  on  the  suction  stroke. 

Q.    How  can  the  firing  order  of  a  motor  be  determined? 

A.  Take  out  all  the  plugs  and  lay  them  on  the  cylinders  so 
that  the  threaded  part  of  the  plug  makes  contact  with  the  cylinder 
but  the  terminal  does  not.  Switch  battery  on  and  turn  engine  over 
slowly,  noting  the  order  in  which  the  sparks  occur  at  the  plugs. 
Watch  the  valve  stems;  after  the  inlet  valve  of  cylinder  No.  1  has 
opened  and  closed,  it  is  ready  to  fire.  The  plug  at  which  the  spark 
then  occurs  is  the  proper  plug  for  the  first  cylinder.  The  next  plug 
to  spark  belongs  to  the  cylinder  whose  inlet  valve  has  just  closed. 

Q.  When  a  motor  will  not  start,  but  fires  once  or  twice  and 
then  stops,  the  flywheel  rocking  back  and  forth,  what  is  the  cause? 

A.  Some  of  the  spark-plug  leads  have  been  misplaced,  so  that 
after  one  or  two  explosions,  the  next  one  takes  place  out  of  sequence. 

Q.    How  many  different  firing  orders  are  possible  in  a  motor? 

A.  This  depends  upon  the  number  of  pairs  of  cylinders  in  a 
motor,  as  the  two  cylinders  of  a  pair  cannot  fire  consecutively,  so 
that  the  ignition  alternates  from  one  pair  to  another.  For  example, 
in  a  four-cylinder  motor,  cylinders  No.  1  and  No.  4  constitute  one 
pair,  in  that  they  are  attached  to  crankpins  in  the  same  plane,  i.e., 
they  rise  and  fall  together;  cylinders  No.  2  and  No.  3  constitute  the 
other  pair.  Consequently,  starting  with  cylinder  No.  1,  there  are 
only  two  firing  orders  possible  in  a  four-cylinder  motor,  as  follows: 
1-2-4-3,  or  1-3-4-2.  By  starting  with  cylinder  No.  2,  as  the  first 
to  fire,  two  more  orders  may  be  used,  as  2-1-3-4  or  2-4-3-1.  It 
will  be  apparent,  of  course,  that  the  last-named  combination  is  merely 
the  reverse  of  the  second  one  given  above,  i.e.,  1-3-4-2.  In  this 
way,  the  total  number  possible  with  a  motor  of  this  type  is  eight 
firing  orders. 

Q.  Do  motors  differ  much  in  this  respect,  or  are  firing  orders 
pretty  well  standardized? 

A.  Of  the  eight  possible  firing  orders  that  may  be  used  in  a 
foup-cylinder  motor,  only  two  are  in  common  use,  viz:  1-2-4-3, 
add  1-3-4-2.      This  is  because  the  selection  of  cylinder  No.  1  as 
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A.  Take  the  instance  cited  above.  Cable  No.  1  has  been 
connected  to  cylinder  No.  2;  cable  No.  2  has  beefi  connected  to 
cylinder  No.  1.  The  firing  order  is  1-2-4-3,  which  means  that 
when  the  piston  of  cylinder  No.  1  is  going  down  on  the  power  stroke, 
the  piston  of  cylinder  No.  2  is  drawing  in  a  fresh  charge  of  fuel  mix- 
ture through  the  open  inlet  valve.  But,  as  cable  No.  2  is  connected  i 
to  cylinder  No.  1,  no  spark  takes  place  when  the  piston  finishes  its  j 
upward  travel  on  the  compression  stroke,  and  no  explosion  results. 
The  spark  instead  of  occurring  in  cylinder  No.  1,  takes  place  in 
cylinder  No.  2,  and  may  ignite  the  incoming  gas,  resulting  in  a  weak 
explosion  or  a  back-fire  through  the  inlet  valve.  If  the  placing  of  the 
inlet  valve  be  such  that  the  incoming  charge  is  not  fired  by 
the  spark  of  cylinder  No.  1,  but  takes  place  in  cyUnder  No.  2,  on  the 
suction  stroke,  nothing  will  occ^r  in  cylinder  No.  2,  either.  TMien 
its  piston  comes  up  on  the  compression  stroke  ready  for  firing,  the 
spark  occurs  in  cylinder  No.  1,  and  the  fresh  charge  passes  out  of  the 
exhaust  valve  of  cylinder  No.  2  without  being  fired.  In  other  wonls. 
both  cylinders  No.  1  and  No.  2  miss.  Cylinders  Nos.  3  and  4  being 
connected  up  in  the  proper  order,  however,  they  will  fire  as  the\' 
should,  but  in  a  four-cylinder  motor  they  are  not  suflicient  to  keej) 
the  motor  turning  over  steadily.  It  will  give  two  jerky  explosions 
and  stop.  After  cranking  several  times,  cylinder  No.  2  will  become 
more  or  less  filled  with  fresh  gas,  and  a  back-fire  will  result  at  every 
other  revokition,  or  everj'  time  it  is  the  turn  of  cylinder  No.  2  to  fire. 
(\\  linder  No.  1  is  not  likely  to  back-fire,  since  the  spark  is  occurring 
in  its  combustion  chamber  on  the  exhaust  stroke. 

Q.  What  would  be  the  effect  if,  instead  of  connecting  to 
cylinder  No.  1,  the  lead  of  cylinder  No.  2  mjsconnected  to  No.  3? 

A.  As  the  firing  order  of  the  motor  is  1-2-4-3,  it  will  be 
('\i(liMit  (the  other  cables  being  correctly  connected)  that  cylinder 
No.  I  will  fire  j)r()jxTiy;  No.  2  will  miss;  No.  4  will  fire  properly;  and 
No.  o  will  either  miss  or  back-fire;  so  that  the  motor  as  a  w^hole  will 
run  very  jerkily;  although  it  will  continue  to  run  on  this  combina- 
tion, i.e.,  one  operating::  cylinder  in  each  alternate  pair  firing  a  revolu- 
tion apart.  In  this  case,  when  the  piston  of  cylinder  No.  2  has  just 
finished  conipressiii;,^  its  cliar«re  and  should  fire  it,  its  spark  takes 
place  in  the  comhnstioii  chaiiiher  of  cylinder  No.  3,  which  is  then 
exhausting;,  so  that  it  is  also  much  more  likely  to  miss  than  to  back- 
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SPARK  n.UQS 
Q.    What  an  the  usual  causes  of  failure  of  the  spark  plug? 

A.  An  accumulation  of  carbon  on  the  inner  end  of  the  porcelain 
i<l  the  shell,  causing  a  short-circuit;  broken  porcelain;  points 
irned  too  far  apart  to  permit  spark  to  pass. 

Q.  Whea  there  is  a  hissii^  noise  at  the  plug,  or  when  oil 
uirted  on  it  bubbles  violently  with  the  motor  running,  what  does 
indicate? 

A.  Either  that  the  porcelain  of  the  plug  is  not  screwed  down 
;htl\-  on  its  gasket  on  the  shell,  the  porcelain  is  broken,  or  the  plug 
^If  is  not  tight  in  the  cylinder. 

Q.  What  is  the  cause  of  a  dlsdiarge  across  the  porcelain  of  the 
ug? 

A.  The  points  are  too  far  apart,  or  the  porcelain  is  broken; 
ually  the  former.  This  usually  will  be  noted  only  on  plugs  having 
•r\'  short  porcelains  as  where  the  latter  are  long,  the  distance  is 
uch  greater  than  the  maximum  to  which  the  points  can  be  sep- 
atcd  and  any  spark  that  would  occur  owing  to  the  hitter  cause 
>uld  take  place  at  the  safety  gap. 

Q.  Why  is  it  that  when  a  good  spark  will  occur  between  the 
ints  of  a  plug  in  the  open  air,  an  equally  good  spark  cannot  be 
<tained  in  the  cylinder  with  the  same  distance  between  the  points 
the  plug? 

A.     Compressing  air   increases   its  resistance  to  the   electric 
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Q.    How  rapidly  do  the  electrodes  of  the  spark  plugs 
away,  and  what  effect  does  this  have? 

A.  This  will  depend  upon  the  plugs  themselves  and  the  chai 
of  the  current  supply.  The  cheaper  plugs  with  ordinary  iror 
electrodes  will  bum  away  very  rapidly,  becoming  much  too  \^ 
separated  in  a  few  weeks'  use.  With  better  grade  plugs,  using  a 
alloy  for  the  electrodes,  the  time  will  depend  more  or  less  o 
magneto,  or  where  a  storage  battery  is  employed,  on  the  coil, 
produce  a  very  much  hotter  spark  than  others  and,  consequ< 
burn  the  plugs  away  that  much  sooner;  but  a  good  plug  ougli 
to  need  adjustment  under  two  or  three  months  of  ordinary  rui 
The  fact  that  the  plug  points  have  burned  too  far  apart  w 
evide^jced  by  a  very  perceptible  falling  off  in  the  power;  by  m 
spasmodically  in  different  cylinders  at  low  speeds;  and  by  an 
sional  discharge  across  the  porcelain  on  the  outside  of  the  pi 
the  latter  is  of  the  short  type. 

Q.  What  can  be  done  when  there  is  an  escape  of  compre 
around  the  porcelain  of  the  plug? 

A.  If  the  porcelain  is  not  broken,  this  can  be  remedie 
turning  down  the  gland  or  packing  nut  which  holds  the  porceh 
the  metal  shell.  There  is  an  asbestos  washer  under  this  pa 
nut,  and  tightening  the  latter  causes  it  to  fill  completely  any 
between  the  porcelain  and  the  shell.  The  nut  should  be  given 
a  fraction  of  a  turn,  and  the  tightening  should  be  done  whei 
plug  is  cold ;  if  it  is  tightened  when  very  hot,  the  contraction  d 
the  cold  is  liable  to  crack  the  porcelain. 

Q.  What  is  one  of  the  commonest  ways  of  breaking  s 
plug  porcelains? 

A.  The  use  of  a  big  wrench  in  putting  the  plugs  int< 
cylinders.  Only  a  spark-plug  wrench  or  a  small  wrench  haxin 
a  3-iiich  or  a  4-inch  handle  should  be  employed.  The  lev 
available  with  the  big  wrench  is  so  great  that  the  porcelain  is  cm 
frequently  without  the  knowledge  of  the  man  using  it. 

Q.    How  can  a  broken  porcelain  be  detected? 

A.  Usually  by  grasping  the  plug  between  the  fingers  anc 
ing  to  turn  the  porcelain  sideways  or  to  revolve  it.  Any  pi 
generally  an  indication  that  the  porcelain  is  broken,  though  s 
times  they  will  loosen  up  so  much  under  the  influence  of  vibr 
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that  they  may  be  turned  easily  with  the  fingers.  Tightening  the 
packing  nut  will  overcome  this.  Where  this  treatment  does  not 
locate  a  break,  squirting  a  little  oil  on  the  porcelain  while  the  motor 
is  running  will  do  so. 

Q.    How  long  should  a  good  plug  stay  in  service? 

A.  This  is  hard  to  average,  but  with  occasional  adjustment  of 
the  points,  a  good  plug  will  frequently  continue  to  give  satisfactory 
aer\'ice  for  several  thousand  miles;  some  have  been  known  to  run  for 
well  over  10,000  miles,  and  still  continue  to  operate  satisfactorily. 
When  the  motor  does  not  run  properly  and  the  plugs  are  suspected, 
it  is  better  to  try  the  effect  of  a  new  set  and  note  the  running  of  the 
motor  carefully,  before  discarding  the  old  ones,  as  the  fkult  will 
frequently  be  found  elsewhere.  The  first  thing  that  many  repair 
men  do  with  a  motor  that  is  a  bit  oflf  is  to  throw  away  a  perfectly 
good  set  of  spark  plugs. 

Q.    What  is  a  ''series"-type  plug,  and  what  advantages  has  it? 

A.  This  is  a  type  of  plug  fitted  with  two  insulated  terminals, 
instead  of  one,  as  in  the  ordinary  t^'pe,  as  it  does  not  make  a  ground 
connection  on  the  motor  by  being  screwed  into  the  cylinder.  It  is 
intended  to  be  used  in  series  with  an  ordinary  plug,  hence  the  name. 
The  current  passes  through  the  series  plug  first,  and  then,  through 
the  second  plug  of  the  ordinary  type,  to  the  ground,  thus  producing 
two  sparks  instead  of  one:  The  advantages  claimed  for  its  use  are  a 
more  rapid  and  thorough  combustion  of  the  mixture,  due  to  the  spark 
occuring  at  two  widely  separated  places  in  the  combustion  chamber; 
but,  in  actual  practice,  the  gain  is  not  sufficient  to  warrant  the  extra 
complication,  so  that  this  type  of  plug  is  seldom  used. 

Q.  What  is  the  object  of  fitting  a  plug  with  several  sparking 
terminals,  or  electrodes? 

A.  The  current  will  always  follow  the  path  of  least  resistance 
and  will  accordingly  bridge  the  smallest  gap.  The  sparking  will 
start  at  this  gap  and,  when  that  particular  electrode  burns  away, 
will  shift  to  one  of  the  others  until  that  has  also  burned  too  far  open, 
i.e.,  until  its  resistance  becomes  greater  than  that  of  the  next  one, 
and  so  on.  Such  a  plug  should  stay  in  service  longer  without  the 
necessity  of  adjusting  the  gap,  but,  apart  from  this,  it  has  no  par- 
ticular advantage,  as  the  short-circuiting  of  one  of  the  gaps  renders 
all  of  them  useless. 
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Q.  What  threads  are  generally  used  on  spark  plugs,  and  which 
thread  is  to  be  preferred*  from  the  repair  man's  point  of  view? 

A.  Half-inch  iron  pipe,  metric  and  S.A.E.  standard.  Plugs 
with  iron-pipe  threads  are  employed  only  on  the  cheaper  cars;  metric- 
threaded  plugs  will  be  found  on  foreign  cars  only,  and  S.A.E.  standard 
plugs  (J  inch-18)  on  most,  if  not  all,  of  the  better  American  cars 
dating  from  about  1913  on.  All  work  equally  well  so  far  as  holding 
compression  is  concerned.  The  iron-pipe  plug  is  likely  to  cause  trouble 
in  this  way  sooner  than  the  others,  as  they  do  not  depend  upon  the 
thread  itself  to  prevent  leakage.  The  S.A.E.  standard  plug  is 
preferable,  being  a  better  mechanical  product  than  the  iron-pipe 
plug  as  the  threads  of  the  latter  are  not  so  accurate,  and  the  plug 
itself  is  usually  not  so  well  made. 

Q.  When  a  spark  plug  leaks  at  the  base,  i.e.,  at  the  point 
where  it  is  screwed  into  the  cylinder,  what  is  the  cause? 

A.  If  of  the  iron-pipe  type  which  depends  entirely  upon  its 
tapered  thread  to  hold  the  compression,  a  section  of  the  thread  may 
have  been  damaged  in  handling.  With  either  of  the  other  tj-pes,  the 
plug  may  not  be  seated  snugly  enough  on  its  gasket,  in  which  case 
a  quarter-turn  in  w^ill  usually  remedy  the  leak.  If  it  does  not,  the 
gasket  should  be  replaced  with  a  new  one. 

Q.  Is  there  any  danger  of  turning  an  iron-pipe  plug  in  too 
tightly? 

A.  If  screwed  home  too  tightly  while  the  motor  is  hot,  the  plug 
may  hind  and  become  very  difficult  to  remove,  sometimes  necessi- 
tating drilling  it  out  and  re-tapping  the  hole. 

Q.     Is  the  priming  type  of  plug  of  any  particular  advantage? 

A.  On  U)w-j)riced  cars  not  fitted  with  pet  cocks  in  the  cylinders, 
it  is  an  aid  to  starting  in  cold  weather;  though,  as  a  matter  of  fact, 
the  priming  inlet  of  the  plug  is  likely  to  become  clogged  with  soot, 
so  that  it  cannot  be  used  for  injecting  gasoline  into  the  cylinders. 

Q.  Why  has  the  magnetic  type  of  spaik  plug  not  come  into 
general  use? 

\.  It  is  an  expensive  type  of  plug  to  make  and  is  more  subject  to 
derangement  than  the  ordinary  kind.  It  is  only  intended  to  be  used 
with  a  low-tension  magneto  and  plain-spark  coil  (single  winding  on  an 
iron  core),  an<l  this  type  of  magneto  has  long  since  become  obsolete 
on  the  automobile. 
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Q.    Is  porcelain  or  mica  preferable*  as  ihfi  insulator  of  the  plug? 

A.  While  mica  is  practically  unbreakable,  it  is  liable  to  become 
saturated  vnih  oil  and  dirt,  causing  leaks  that  are  hard  to  trace; 
so  that  the  use  of  porcelain  is  preferable,  despite  its  liability  to 
breakage. 

Q.  Is  changing  from  one  malce  of  plug  to  another  likely  to  cause 
any  difference  in  the  running  of  a  motor? 

A.  As  the  power  of  the  motor  is  dependent,  to  a  very  large 
e3ctent,  upon  the  proper  ignition  of  the  charge,  a  change  from  one 
make  of  plug  to  another  will  sometimes  make  a  very  marked  differ- 
ence. Because  of  the  great  amount  of  variation  in  the  width  of  the 
cooling  jacket  and  the  thickness  of  the  cylinder  walls,  certain  types 
of  plugs  are  particularly  adapted  to  certain  makes  of  motors.  In 
fact,  the  plugs  have  been  designed  especially  for  service  on  those 
motors.  For  example,  some  motors  require  an  unusually  long  plug 
to  permit  of  the  sparking  points  extending  well  into  the  combustion 
chamber.  In  others,  a  plug  of  this  type  might  interfere  with  the 
piston  when  at  upper  dead  center.  Always  use  the  type  of  plug 
recommended  by  the  manufacturer  of  the  car. 

Q.  What  is  the  cause  of  the  spark  plugs  in  a  motor  becoming 
fouled  very  rapidly? 

A.  An  excess  of  lubricating  oil  is  finding  its  way  into  the  com- 
bustion chamber,  and  its  burning  there  deposits  a  heavy  layer  of 
carbon  on  the  ends  of  the  plugs.  This  may  be  due  to  leaky  piston 
rings;  the  use  of  improper  oil  for  the  motor,  as  where  a  very  light  oil, 
instead  of  a  heavy  bodied  lubricant  is  used  in  a  motor  intended  for 
the  latter;  or,  in  old  cars,  the  lack  of  baffle  plates  between  the  crank- 
case  and  cylinders.  Running  the  motor  with  an  over-rich  fuel  mix- 
ture will  also  cause  sooting  of  the  plugs.  The  use  of  a  heavier  oil 
and  with  it  a  certain  proportion  of  flake  graphite,  or  '*Gredag'',  will 
often  greatly  improve  the  compression  of  an  old  motor  and  effectively 
remedy  this  trouble. 

Q.  Is  it  advisable  to  use  lubricating  oil  mixed  with  graphite 
In  all  old  cars? 

A.  It  is  usually  good  practice,  except  on  the  Ford,  as  the  mag- 
neto of  the  latter  runs  in  oil  splashed  back  from  the  crankcase,  and 
the  presence  of  graphite  in  this  oil  would  short-circuit  the  magneto. 
In  case  this  has  been  done  on  a  Ford,  it  would  be  necessary  to  waak 
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the  magneto  out  very  thoroughly  with  gasoline  to  remove  all 
of  the  graphite,  and  even  that  might  not  remedy  the  short-circi 

Q.  When  the  plug  in  only  one  cylinder  of  a  motor  conti 
soots  up  very  rapidly,  what  is  the  cause? 

A.  That  particular  cylinder  is  being  flooded  with  oil,  a 
excess  amount  of  it  is  reaching  the  combustion  chamber.  A 
ring  may  have  broken  in  that  cylinder,  the  rings  may  have  v 
around  until  their  openings  are  in  line  with  one  another,  or  the  j 
system  may  have  become  deranged,  causing  an  excess  of  oil  to 
the  section  of  the  crankcase  directly  under  that  cylinder. 

Q.  Is  there  any  way  of  knowing  to  a  certainty  before  und 
ing  an  inspection,  whether  missing  is  due  to  a  faulty  plug  or  tc 
derangement  of  the  carburetor? 

A.  If  the  miss  continually  occurs  in  the  same  cylinder,  i 
be  put  down  as  due  to  the  plug  or  wiring  of  that  particular  cy 
even  though  the  plug,  when  tested  from  the  outside  (i.e.,  w 
removing  it  from  the  cylinder),  is  apparently  working  pre 
When  the  missing  is  spasmodic,  occurring  first  at  one  cylinder  an 
at  another,  it  is  more  likely  to  be  due  to  faulty  carburetor  adjus 
or  a  partially  clogged  carbiuetor  nozzle.  A  weak  dry  bf 
however,  will  produce  similar  symptoms;  failing  fuel  supply  als 
though,  in  this  case,  the  whole  motor  will  nm  jerkily  one  mc 
speed  up  the  next,  and  then  almost  stop^  only  to  repeat  th 
formance. 

Q.  Is  the  usual  test,  made  by  unclipping  the  secondary 
from  the  plug  and  holding  it  near  the  terminal  with  the  moto 
ning,  always  conclusive  as  to  the  proper  working  of  the  plug,  ¥ 
spark  occurs  between  the  two? 

A .  No .  Since  a  short-circuited  plug  will  not  prevent  a  sparl 
passing  between  its  outer  terminal  and  the  end  of  the  cable  hel 
it.  The  gap  made  by  disconnecting  the  secondary  cable  and  h 
it  a  short  distance  away  has  simply  taken  the  place  of  the  gap 
should  exist  between  the  plug  points.  This  test  is  condusiv 
as  to  the  pr()i)er  functioning  of  the  distributor  and  the  integi 
the  wiring  connecting  that  particular  plug. 

Q.  W  hen  the  motor  misses  spasmodically,  and  there  are 
mittent  discharges  of  high-tension  current  at  different  points  < 
cylinders,  while  it  is  running,  what  is  the  cause? 
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A.  Moisture.  The  secondary  cables  have  become  wet  enough 
to  cause  leakage  of  the  high-tension  current;  usually  the  result  of  the 
careless  use  of  the  hose  in  washing.  The  only  remedy  is  to  run  the 
motor  continuously  until  the  heat  dries  things  out  thoroughly. 

Q.  When  no  spaifc  pluf  is  obtainable  at  any  of  the  plugs,  so  that 
the  motor  cannot  l>e  started,  in  what  order  should  the  cause  of  the 
trouble  l>e  lun  down? 

A.  If  a  dry  battery  is  used  as  the  source  of  current,  first  see 
that  it  is  not  exhausted  by  testing  with  a  small  ammeter.  Each  cell 
should  show  10  amperes  or  more.  If  one  is  considerably  below  the 
others,  it  reduces  them  to  its  level.  Where  a  storage  battery  is  used, 
switch  on  the  Ughts  as  a  test.  '  They  should  burn  brightly.  Provided 
there  is  no  failiu^  of  the  current,  inspect  the  interrupter,  or  contact 
breaker;  see  that  its  points  separate  when  the  high  part  of  the  cam 
strikes  the  arm  carrying  the  movable  point.  If  they  do  not  separate, 
no  current  is  induced  in  the  secondary  winding,  and  an  adjustment  of 
the  points,  to  open  about  the  space  represented  by  an  ordinary 
visiting  card,  will  remedy  the  trouble.  If  the  points  open  propyerly, 
inspect  the  wiring  and  connections  between  the  interrupter  and  the 
battery.  Should  both  the  interrupter  and  its  wiring  be  ().  K.,  note 
whether  the  ground  connection  from  the  coil  is  fast.  Failing  all  of 
these,  inspect  the  high-tension  distributor.  This  is  about  the  order 
in  which  the  trouble  would  be  likely  to  occur. 

Q.  When  the  motor  continues  to  run  after  the  current  has 
been  turned  off,  what  is  the  cause? 

A,  The  cylinders  have  become  so  hot,  due  either  to  lack  of  oil  or 
or  low  water  in  the  cooUng  system,  failure  of  circulation,  etc.,  that 
either  the  spark-plug  electrodes  have  become  nsi  hot,  or  particles 
of  carbon,  deposited  in  the  combustion  chamber,  have  become  incan- 
descent, thus  firing  the  charge.  The  fuel  supply  must  be  shut  ott* 
and  the  motor  allowed  to  cool. 

Q.  Slibuld  the  motor  back-fire  when  attempting  to  start,  even 
though  the  spaifc-advance  lever  has  been  pulled  back  as  far  as  it  will 
p>t  what  is  causing  the  trouble? 

•  A,  The  linkage  connecting  the  spark-advance  lever  with  tho 
breaker  box  of  the  magneto  or  of  the  interrupter  (battery  system)  has 
parted  at  some  point,  so  that  it  no  longer  moves  the  breaker  box  to 
retard  the  time  of  ignition. 
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REGULATION  DEVICES 
Interrupters  and  Timers 

Q.    How  does  an  interrupter  operate? 

A.  It  is  normally  closed,  short-circuiting  the  batter^'^  on  the 
primary  winding  of  the  coil  until  just  before  it  is  necessary  for  the 
spark  to  occur  in  the  cylinder;  a  cam  then  separates  the  contact 
points,  and  the  high-tension  current  induced  in  the  secondary'  wind- 
ing of  the  coil  jumps  the  gap  of  the  plug.  In  the  case  of  a  magneto, 
the  winding  of  the  armature  is  short-circuited  on  itself  to  permit  it 
to  "build  up",  so  that  when  the  interrupter  contacts  are  opened  by 
the  cam,  the  peak  or  highest  value  of  the  current  wave  generated 
is  utilized.  The  opening  of  the  circuit  in  either  case  occurs  at  the 
same  time  the  distributor  arm  is  passing  one  of  its  contacts. 

Q.    How  does  a  timer  operate? 

A.  Contacts,  insulated  from  each  other,  their  number  corre- 
sponding to  the  number  of  cylinders,  are  located  at  equidistant  points 
on  the  inner  circumference  of  the  timer  housing,  while  the  shaft  carries 
a  single  contact  which  in  its  revolution  successively  touches  each  one 
of  the  stationary  contacts.  Where  separate  vibrator  coils  are  used,  as 
on  the  Ford,  each  stationary  contact  corresponds  to  one  of  the  coils. 

Q.  Do  interrupters  and  timers  fail  from  the  same  causes,  and 
what  are  they? 

A.  No.  The  cause  of  failure  in  one  case  is  the  reverse  of  that  in 
the  other.  An  interrupter  fails  when  it  does  not  open  the  circuit, 
and  a  tinier  when  it  does  not  close  it.  Dirt  and  wear  are  the  usual 
canses  of  failure  in  both  cases;  moisture  is  also  responsible  at  times. 
Test  by  having  an  assistant  turn  the  engine  over  slowly  by  hand 
and  watch  the  operation  of  the  interrupter;  if  the  cam  fails  to  sep- 
arate the  contact  points,  true  up  their  faces  with  fine  sandpaper  and 
test  a<;ain.  (This  does  not  apply  to  Atwater  Kent  interrupters. 
See  description.)  Stop  with  the  Cam  in  the  opening  position  and 
see  if  a  sheet  of  ordinary  paper  can  be  slipped  between  the  contacts. 
See  that  there  is  not  an  excess  of  oil  in  the  housing,  as  oil  on  the  con- 
tact point  insulates  them.  In  the  case  of  a  timer,  see  that  the  spring 
of  the  niovahle  contact  lias  sufficient  tension  to  keep  it  pressed  firmly 
against  the  stationary  contacts  as  it  revolves;  note  whether  sufficient 
wear  has  occurred  to  cause  i)oor  contact  even  with  sufficient  spring 
pressure. 
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Q.    How  far  should  the  contacts  of  an  interrupter  separate? 

A.  This  differs  somewhat  with  different  systems,  but  in  the 
case  of  the  interrupters  used  on  battery  systems,  it  is  very  small, 
seldom  exceeding  a  few  thousandths  of  an  inch.  In  the  case  of  the 
Atwater  Kent  interrupter,  this  is  .010  to  .012  inch.  (Coated  cata- 
logue paper  is  .005  to  .007  inch  thick;  a  thin  visiting  card  is  .010  to 
.015  inch  tiiick.) 

Q.  How  does  the  Atwater  Kent  interrupter  differ  from  other 
battery  interrupters? 

A.  The  circuit  is  normally  open  and  only  remains  closed 
momentarily  before  being  opened  by  the  dropping  of  the  lifter  into 
its  notch  on  the  shaft. 

Q.  Can  this  interrupter  be  tested  in  the  same  way  as  that  just 
described? 

A.  No.  The  movement  of  the  lifter  in  striking  the  latch  to  close 
the  circuit  is  so  rapid  that  it  cannot  be  detected  with  the  unaided 
eye,  even  though  the  engine  be  turned  over  very  slowly  by  hand. 

Q.    What  will  cause  this  interrupter  to  fail? 

A.  Wear  of  the  lifter  to  an  extent  where  it  will  not  engage  the 
notches  of  the  shaft  properly,  usually  caused  by  lack  of  oil.  Other 
causes  of  failure  are  the  same  as  for  other  types,  generally  worn  or 
burned  contact  points. 

Q.  When  the  contact  points  of  an  interrupter  of  any  type 
bum  away  very  rapidly,  what  is  the  cause? 

A.  The  condenser  has  broken  down  so  that  it  is  no  longer  pro- 
tecting the  points  from  the  full  heating  effect  of  the  arc  formed 
at  the  time  of  breaking  the  circuit.  Use  the  testing-lamp  outfit 
described  in  connection  with  lighting  and  starting  systems.  Apply 
one  point  to  each  of  the  condenser  terminals;  if  the  lamp  lights,  the 
condenser  is  short-circuited.  The  only  practical  remedy  is  replace- 
ment by  the  manufacturer,  as  even  the  best  equipped  garage  is 
seldom  fitted  to  take  care  of  such  work. 

Q.  Does  discoloration  always  indicate  burned  contact  points, 
and  how  often  should  these  points  require  cleaning  and  adjustment? 

A.  No.  According  to  the  particular  alloy  used  in  the  contacts 
they  will  assume  a  bright  purple,  an  orange,  or  a  gray  tinge.  The 
squareness  of  their  surfaces  and  the  contact  they  make  when  together 
are  the  best  indications  of  whether  attention  is  needed;  if  pitted  or 
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high  on  one  side,  truing  up  will  be  necessary.  Unless  the  con- 
denser  has  failed,  they  should  not  require  attention  oftener  than 
once  a  season,  or  say  6000  to  8000  thousand  miles'  running. 

Distributors 

Q.  What  is  the  function  of  the  distributor  and  how  does  it 
differ  from  that  of  the  interrupter  and  timer? 

A.  At  the  same  moment  that  the  interrupter  opens  the  primary- 
circuit  of  the  coil,  or  the  timer  makes  it  in  the  case  of  a  vibrating  coil, 
the  distributor  makes  contact  with  a  stationary  segment  representing 
a  spark-plug  terminal.  The  distributor  accordingly  is  said  to  run 
synchronously  with  the  interrupter  or  timer.  It  is  practically  a  dupli- 
cate of  the  timer  designed  to  handle  a  high-tension  current,  in  that  it 
has  one  revolving  contact  and  a  stationary  contact  for  each  cyUnder. 

Q.  Does  the  moving  member  of  a  distributor  actually  make 
contact  with  the  stationary  contacts,  as  in  the  timer? 

A.  No.  This  is  not  necessary  owing  to  the  high  voltage  of 
the  current.  The  moving  member  passes  very  close  to  the  face  of 
the  stationary  contact  but  does  not  actually  touch  it,  thus  avoiding 
wear.  This  applies,  however,  only  to  those  early-type  magnetos  or 
to  separate  distributors  employing  a  metal  moving  contact.  Where 
carbon  brushes  are  employed,  they  are  pressed  against  a  fiber  disc 
with  a  metal  segment  countersunk  flush  with  its  face  and  this  seg- 
ment passes  under  each  carbon  brush  in  rotation. 

Q.    What  are  the  usual  causes  of  failure  in  a  distributor? 

A.  Short-circuits,  due  to  moisture,  dirt,  or  carbon  dust.  Owing 
to  the  high  voltage  of  the  current  it  will  leak  across  barely  perceptible 
paths  caused  by  dampness  or  carbon  dust. 

Q.  What  is  the  so-called  ignition  unit  of  the  modem  iMittery 
system? 

A.  This  is  a  combined  contact  breaker  and  distributor 
similar  to  the  contact  breaker  and  distributor  of  a  magneto — 
ill  other  words,  a  magneto  minus  the  current-generating  end.  It  is 
mounted  on  a  vertical  shaft  and  is  driven  through  bevel,  or  helical 
gearing,  from  either  the  camshaft  or  one  of  the  auxiliary  shafts  of  the 
engine  (i.e.,  water  pump  or  magneto-drive  shaft).  The  contact 
breaker  is  plaeed  direct  ly  below  the  distributor,  the  secondary  cables 
coming  out  of  tlie  upper  faee  of  the  latter.  (See  description  of 
Westinghouse  and  Connecticut  units.) 
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Q.    What  is  the  "uDiqMricer'7 

A.  This  b  the  Atwater  Kent  ignition  unit  and  is  similar  in  gen- 
ii design  to  those  referred  to  above  but  it  is  an  "open-circuit"  type, 
lile  they  are  "closed-circuit".  The  term  is  a  trade  name  derived 
im  the  fact  that  the  contact  breaker  makes  but  a  single  spark,  as 
mpared  with  the  vibrator  coil  which  produces  a  series  of  sparks 
ly  one  of  which,  however,  is  available  for  ignition.  All  contact 
eakers  on  magnetos  and,  as  now  used,  on  modem  battery  systems, 
oduce  but  a  single  spark.  The  time  of  ignition  is  so  limited  on  a 
i;h-speed  engine,  that,  if  this  single  spark  fails  to  ignite  the  charge  in 
e  cjlinder,  subsequent  sparks  are  of  little  value,  as  the  piston  is 
-eady  well  down  on  the  firing  stroke  by  the  time  a  later  spark  occurs, 
d  much  of  the  force  of  the  explosion  is  tost. 

Q.  How  is  the  time  of  ignition  advanced  and  retarded  on  the 
lition  unit? 

A.  Usually  by  altering  the  relation  of  the  moving  contact  of  the 
ttributor  to  the  stationary  contacts.  The  distributor  plate,  i.e., 
e  insulating  disc  carrying  the  stationary  contacts  is  connected  to 
e  spark-advance  lever  on  the  steering  column,  and  it  may  be  moved 
rt  of  a  revolution  backward  or  forward  to  advance  or  retard  the 
ne  of  ignition.  To  alter  the  timing,  the  position  of  the  moving 
[itact  on  its  driviag  shaft  may  be  shifted.  For  example,  in  the 
fk-o  distributor  a  central  screw  in  this  member  is  loosened,  and 
e  contact  may  then  he  moved  in  either  direction  with  relation 
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A.  Poor  contact  due  to  wear  or  weakening  of  the  spring; 
broken  or  frayed  connections  causing  a  ground  or  short-circuit. 

Q.    What  is  an  automatic  switch? 

A.  This  term  is  frequently  appUed  to  the  battery  cut-out  of  the 
Hghting  and  starting  system.  On  the  Connecticut  ignition  system,  it 
is  a  thermally  op)erated  switch,  designed  to  open  the  circuit  when  the 
switch  has  inadvertently  been  left  on  after  the  engine  has  stoppeil. 

Q.    Are  there  any  troubles  peculiar  to  automatic  type  of  switch? 

A.  None  that  is  not  equally  so  of  any  similar  device  such  as 
the  battery  cut-out  or  the  circuit  breaker. 

Coils 

Q.  How  many  different  types  of  coils  are  employed  in  connec- 
tion with  ignition  systems? 

A.  Three.  The  first  and  simplest  of  these  is  usually  termed  a 
sipark  coil,  and  consists  of  a  single  winding  of  coarse  wire  on  a  heavy 
iron  wire  core.  It  acts  by  self-induction,  the  circuit  remaining  closed 
long  enough  to  permit  the  core  to  become  thoroughly  magnetized; 
the  energy  thus  stored  in  the  core  being  released  when  the  circuit  is 
broken  again.  This  gives  increased  voltage  at  the  spark  plug  and 
causes  an  "arc"  rather  than  a  spark  at  the  latter  when  the  terminals 
of  the  plug  are  separated.  This  type  of  coil  is  only  employed  in  con- 
nection with  low-tension  or  mechanically  operated  spark  plugs, 
and  this  system  is  now  used  on  stationary  engines  and  motor  boats 
exclusively,  having  long  since  become  obsolete  on  the  auotomobile. 

The  other  two  types  are  known  as  induction  coils,  and  differ 
merely  in  one  being  fitted  with  a  vibrator  while  the  other  does  not 
recjuire  this  attachment  to  operate  it.  The  induction  coil  is  a  minia- 
ture step-up  transformer.  It  consists  of  a  core  of  iron  wires  on  which 
the  primary  of  two  or  three  layers  of  No.  16  or  No.  18  wire  is  wound 
ahnost  the  full  length  of  the  core,  and  a  secondary  of  many  thousand 
turns  of  very  fine  wire,  such  as  No.  36  or  38  B.  &  S.  gage,  or  even  No. 40, 
which  is  almost  as  fine  as  a  hair.  In  coils  of  the  best  construction, 
this  fine  wire  is  wound  in  pancakes,  or  narrow  sections,  several  of 
whi('h  are  necessary  to  complete  the  secondary.  Their  terminals  are 
connected  in  series  thus  making  practically  a  single  winding.  Hea\'A' 
insulation  is  placed  bet  ween  the  primary  and  secondary  windings, 
and  the  containinj^  case  is  usually  filled  with  an  insulating  compound. 
melted  into  it  and  becoming  solid  when  cold. 
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Q.    Why  is  ao  induction  coil  termed  a  "step-up"  transformer? 

A.  It  literally  steps  up  or  raises  the  voltage  of  the  current  sent 
roufth  it.  The  primary  winding  is  connected  to  the  source  of  cur- 
nt  and  the  secondary  to  the  spark  plugs  through  the  distributor. 

Q.  Is  the  action  ot  the  coil  based  on  the  same  principle  as  that 
ilized  in  generators  and  motors? 

A.  The  principle  of  induction,  as  explained  in  Part  I,  is 
e  same  in  all  three,  though  it  is  utilized  in  a  different  manner  in 
e  induction  coil.  Instead  of  a  moving  coil  of  wire  cutting  the  lines 
force  of  a  magnet,  impulses  are  produced  either  by  sending  a  pul- 
ting  current  through  the  primary  winding  or  by  using  an  alternating 
rrent. 

Q.    How  is  this  pulsating  current  produced  in  the  primary? 

A.     By  placing  a  vibrator  in  series  with  the  primary  winding. 

Q.    Of  what  does  the  vibrator  consist,  and  how  does  it  act? 

A.  It  consists  of  a  spring-hinged  armature  and  a  pair  of  adjust- 
•Ic  contact  points,  exactly  as  in  an  ordinary  electric  bell  or  buzzer, 
lis  armature  is  located  directly  over  the  end  of  the  core  of  the  coil 
id  close  to  it.  ^^'hen  a  current  passes  through  the  primary  winding, 
makes  the  core  strongly  magnetic  and  attracts  the  armature.  This 
ilLi  the  latter  away  from  the  stationary  contact  point  and  breaks 
e  circuit,  so  that  the  core  is  no  longer  magnetic.  The  spring 
imciliately  pulls  the  armature  back  and  recloses  the  circuit,  this 
tion  taking  place  at  high  speed  as  long  as  the  current  is  on. 
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vibrator  coil  very  much  slower  in  action  than  the  other  type,  and 
this  is  greatly  accentuated  by  a  stiflf  adjustment  of  the  vibrator 
spring. 

Q.  Why  is  a  vibrator  necessary  with  one  type  of  battery  ignition 
and  not  with  another,  i.e.,  the  so-called  modem  battery  ^ition? 

A.  Owing  to  the  type  of  timer  or  interrupter,  frequently  erro- 
neously termed  the  "commutator",  employed  on  the  two  systems. 

Q.  What  is  the  difference  between  the  old-style  timer  and  the 
modern  interrupter? 

A.  In  the  former,  a  long  contact  is  provided  for  each  cylinder 
and  the  revolving  contact  member  is  in  touch  with  this  for  quite  an 
appreciable  p)eriod  of  time,  during  all  of  which  the  vibrator  of  a  coil 
of  that  type  is  in  action.  If  the  contact  member  of  the  timer  were 
depended  upon  to  make  and  break  the  circuit  through  the  coil  to 
obtain  the  spark  in  the  cylinder,  the  stationary  contacts  in  the  housing 
would  have  to  be  very  much  shorter,  and  no  provision  for  advancing 
and  retarding  the  time  of  ignition  would  be  available.  Furthermore, 
the  wiping  contact  of  the  ordinary  style  of  timer  is  not  adaptable  to 
the  extremely  rapid  make-and-break  that  is  necessary  for  this  purpose. 
The  interrupter  of  the  modem  battery  system  is  designed  along 
practically  the  same  lines  as  the  contact  breaker  used  in  the  primary 
circuit  of  a  high-tension  magneto  or  the  only  circuit  used  on  a  low- 
tension  magneto.  Its  parts  are  made  very  small  and  light  and  with 
great  accuracy,  so  that  its  inertia  is  reduced  to  the  minimum  and  it 
will  act  with  extreme  rapidity.  The  gap  is  so  small  and  the  rapidity 
of  action  so  great  that  the  movement  is  often  not  visible  to  the  unaided 
e\  e.  It  is  practic^ally  a  mechanical  vibrator  designed  to  give  a  single 
niake-aiid-hreak  at  exactly  the  right  moment  as  compared  with  the 
elcMtrical  vibrator,  which  must  be  started  well  in  advance  of  the 
moment  i^^nition  is  required,  and  which  continues  in  action  after  the 
spark  has  occurred  in  the  cylinder.  Consequently,  both  the  median- 
ical  and  tlie  electrical  lag,  which  make  the  vibrator  coil  comparativdy 
slow  in  action,  are  reduced  to  a  minimum,  and  the  amount  of  current 
necessary  is  cut  to  a  fraction  of  that  required  by  the  latter. 

Q.     How  can  the  speed  of  operation  of  a  vibrator  be  judged? 

A.  By  the  note  it  produces  in  action.  A  low  note  well  down 
the  scale  denotes  slow  action ;  the  higher  the  note,  or  buzzing,  the  more 
rapid  the  vibrator  is  acting. 
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that  they  may  be  turned  easily  with  the  fingers.  Tightening  the 
packing  nut  will  overcome  this.  WTiere  this  treatment  does  not 
locate  a  break,  squirting  a  little  oil  on  the  porcelain  while  the  motor 
is  running  will  do  so. 

Q.    How  long  should  a  good  plug  stay  in  service? 

A.  This  is  hard  to  average,  but  with  occasional  adjustment  of 
the  points,  a  good  plug  will  frequently  continue  to  give  satisfactory 
service  for  several  thousand  miles;  some  have  been  known  to  run  for 
well  over  10,000  miles,  and  still  continue  to  operate  satisfactorily. 
When  the  motor  does  not  run  properly  and  the  plugs  are  suspected, 
it  is  better  to  try  the  effect  of  a  new  set  and  note  the  running  of  the 
motor  carefully,  before  discarding  the  old  ones,  as  the  fkult  will 
frequently  be  found  elsewhere.  The  first  thing  that  many  repair 
men  do  with  a  motor  that  is  a  bit  off  is  to  throw  away  a  perfectly 
good  set  of  spark  plugs. 

Q.    What  is  a  *'series"-type  plug,  and  what  advantages  has  it? 

A.  This  is  a  type  of  plug  fitted  with  two  insulated  terminals, 
instead  of  one,  as  in  the  ordinary  tyj>e,  as  it  does  not  make  a  ground 
connection  on  the  motor  by  being  screwed  into  the  cylinder.  It  is 
intended  to  be  used  in  series  with  an  ordinary  plug,  hence  the  name. 
The  current  passes  through  the  series  plug  first,  and  then,  through 
the  second  plug  of  the  ordinary  type,  to  the  ground,  thus  producing 
two  sparks  instead  of  one.  The  advantages  claimed  for  its  use  are  a 
more  rapid  and  thorough  combustion  of  the  mixture,  due  to  the  spark 
occuring  at  two  widely  separated  places  in  the  combustion  chamber; 
but,  in  actual  practice,  the  gain  is  not  sufficient  to  warrant  the  extra 
complication,  so  that  this  type  of  plug  is  seldom  used. 

Q.  What  is  the  object  of  fitting  a  plug  with  several  sparking 
terminals,  or  electrodes? 

A.  The  current  will  always  follow  the  path  of  least  resistance 
and  will  accordingly  bridge  the  smallest  gap.  The  sparking  will 
start  at  this  gap  and,  when  that  particular  electrode  burns  away, 
will  shift  to  one  of  the  others  until  that  has  also  burned  too  far  open, 
i.e.,  until  its  resistance  becomes  greater  than  that  of  the  next  one, 
and  so  on.  Such  a  plug  should  stay  in  service  longer  without  the 
necessity  of  adjusting  the  gap,  but,  apart  from  this,  it  has  no  par- 
ticular advantage,  as  the  short-circuiting  of  one  of  the  gaps  renders 
all  of  them  useless. 
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pair  noted.  When  the  cylinder,  or  cylinders,  at  fault  have  been 
determined,  adjust  one  at  a  time  by  releasing  the  lock  nut  of  the 
adjusting  screw  of  the  vibrator  and  turning  it  up  or  down,  according 
to  whether  improvement  in  running  is  noted,  or  not.  LTsually  only  a 
small  fraction  of  a  turn  one  way  or  the  other  will  be  necessary.  Turn 
the  screw  very  slowly  and  very  little  at  a  time  and,  when  the  proper 
adjustment  of  the  screw  has  been  secured,  lock  in  place  again  securely. 
Ordinarily,  the  proper  adjustment  may  be  secured  simply  by  noting 
the  running  of  the  motor.  When  all  the  cylinders  fire  regularly  and 
without  any  apparent  lag,  the  adjustment  is  considered  correct.  To 
secure  a  finer  adjustment,  a  small  portable  ammeter,  reading  by 
tenths  to  three  or  five  amperes,  may  be  used.  Connect  this  in  series 
with  each  one  of  the  coils  in  turn,  and  note  the  reading  at  which  the 
coil  acts  most  rapidly.  The  other  vibrators  may  then  be  adjusted  to 
give  the  same  reading.  When  dry  batteries  were  relied  upon  for 
ignition,  this  test  was  employed  to  reduce  the  current  consumption 
to  the  minimum  but  with  the  excess  supply  of  current  from  the  Ford 
magneto,  this  is  not  necessary,  and  the  vibrators  may  be  adjusted  to 
the  reading  giving  the  most  rapid  action,  regardless  of  the  current 
consumption.  This  test  may  be  employed  also  to  check  the  operation 
of  the  magneto,  as  its  current  output  may  have  fallen  off  to  a  point 
where  it  is  no  longer  suflScient  to  operate  ihe  coib  satisfactorily. 

Q.    Why  is  a  vibrator  not  necessary  on  the  alternating  current 
generated  by  the  ordinary  type  of  magneto? 

A.  The  latter  has  but  two  field  poles  and  a  single  coil  on  a  two- 
pole  armature,  so  that  its  cycles  are  very  much  fewer  in  number,  and 
there  is  deKiiite  drop  in  the  current,  from  the  maximum  to  an  absolute 
zero,  twice  in  every  revolution.  Assuming  a  speed  of  1200  r.p.m.,  the 
ordinary  magneto  would  be  running  600  r.p.m.,  as  it  is  driven  by  a 
half-time  shaft  of  the  motor.  This  is  10  revolutions  per  second  times 
2  cycles  per  revolution  which  gives  an  alternating  current  of  but  20 
cycles,  or  one  which  would  cause  an  incandescent  lamp  to  flicker  very 
l)a(lly.  The  Ford  magneto,  on  the  other  hand,  is  directly  on  the 
crankshaft,  ('on.setinently,  it  is  turning  20  revolutions  per  second, 
and  its  coils  produce  IC)  cycles  per  revolution,  or  320  cycles  per  second, 
(^cjuivalent  to  10,21)0  cycles  per  minute.  For  ordinary'  conMner- 
cial  lighting,  only  (>()  cycles  per  second  are  necessary  to  produce  a 
steady  light.    The  drop  to  zero  in  the  current  curve  of  the  ordinary 
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agneto  permits  the  core  of  the  coil  to  become  demagnetized,  and  it 
then  remagnetized  by  the  subsequent  rise  to  the  maximum  value 
the  other  direction,  so  that  no  vibrator  is  necessary  to  accomplish 
is  alternate  magnetizing  and  demagnetizing  of  the  core  which  is 
■eded  to  produce  the  inductive  effect  in  the  coil  or  transformer. 
Q.  How  many  connections  are  there  on  a  coil? 
A.  Three;  one  to  the  primary,  from  the  battery  or  magneto; 
le  from  the  secondary,  to  the  distributor,  in  the  case  of  a  single  coil, 
'  to  the  spark  plug  in  the  case  of  a  multiple  coil;  and  one  to  the 
ound.  The  last  named  is  referred  to  as  a  common-ground  connec- 
Mi,  as  it  grounds  one  side  of  both  the  primary  and  secondary  wind- 
gs  of  the  coil. 

Q.    How  are  these  connections  made? 

A,  (>n  the  single  non-vibrator  coil,  as  used  with  an  ordinary 
agneto,  by  means  of  wire  cables  from  the  magneto  to  the  primary 
the  coil,  from  the  secondarj'  of  the  latter  to  the  high-tension  dis- 
ihutor.  In  the  case  of  the  Ford  multiple-vibrator  coils,  each  coil 
an  independent  unit,  having  brass  strap  connections  attached  to  the 
tttom  of  the  coil-unit  case.  These  straps  are  of  spring  brass  and 
cy  bear  against  corresponding  plates  of  brass  in  the  bottom  of  the 
'il  box  fastened  to  the  dash.  Simply  lifting  the  coil  unit  out  of 
le  Im>x  breaks  the  connection  and  automatically  remakes  it  when  t'le 
III  is  replaced.  Due  to  this  type  of  connection,  irregular  firing  of 
le  Ford  motor  will  frequently  be  found  to  result  from  the  cover  of 
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Should  it  fail  to  do  so,  the  covers  of  the  coil  may  be  removed  to  note 
if  a  wire  has  broken  just  beneath  it.  This  is  most  likely  to  be  the  case 
with  the  secondary,  owing  to  the  very  fine  \vdre  used.  If  there  is 
no  break,  either  at  this  point  or  where  the  primary  lead  is  connected 
to  its  winding,  it  will  be  necessary  to  return  the  coil  to  the  manufac- 
turer as  there  is  an  internal  short-circuit,  which  cannot  be  repaired  in 
the  garage.  The  only  difference  between  the  method  above  outlined 
for  a  single  coil  and  that  of  a  unit-vibrator  coil  as  used  on  the  Ford, 
is  to  touch  the  test  points  to  the  brass  strap  connections  representing 
the  different  windings. 

Q.  Why  is  but  one  coil  used  in  connection  with  an  ordinary 
magneto,  while  four  are  employed  on  the  Ford? 

A.  Where  a  single  coil  is  used,  the  secondary  current  is  led  to  a 
distributor  from  which  it  is  again  led  to  the  various  spark  plugs  in  the 
prop)er  order  of  firing.  No  distributor  is  employed  on  the  Ford,  so 
that  a  vibrator  coil  is  necessary  for  each  cylinder.  The  connections 
from  the  coils  to  the  plugs  are  made  in  the  same  order  as  they  would 
be  to  a  distributor. 

Q.  When  a  vibrator  coil  cannot  be  made  to  function  properly 
by  adjusting  the  contact  screw,  what  should  be  done? 

A.  The  contacts  should  be  trued  up  with  a  very  fine  file,  as 
failure  to  function  will  usually  be  caused  by  their  having  become  badly 
burned  away  or  pitted,  thus  making  poor  electrical  contact.  \Miere 
the  abo\'e  is  the  case  and  the  contact  points  are  square  and  true, 
it  is  only  necessary  to  clean  them  by  drawing  a  worn  piece  of  fine 
sandpaper  between  them  several  times,  first  on  one  side  and  then  on  the 
( )ther.  See  that  none  of  the  holding  screws  of  the  vibrator  frame  have 
heeoine  loosened,  and  that  the  lock  nut  of  the  movable  contact  holds 
the  latter  firmly  in  place  when  tightened  up. 

IGNITION  BATTERIES 

Q.    What  types  of  batteries  or  cells  are  used  for  ignition? 

A.  Dry  cells  and  storage  cells,  or  accumulators.  (For  queries 
on  the  latter  see  under  "Battery"  in  Lighting  and  Starting  Section.) 

Q.    What  t>  pe  of  cell  is  the  soK:alled  dry  ceU? 

A.  It  is  a  primary  cell,  i.e.,  one  in  which  a  current  of  electricity 
is  generated  hy  eheniieal  reaction,  and  is  technically  known  as  an 
* 'open-circuit"  battery. 
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Q.  Of  what  does  the  dry  cell  consist,  and  how  much  current 
es  it  generate? 

A.  The  elements  are  the  zinc  container  and  a  carbon  plate  cen- 
illy  placed  in  the  container  and  insulated  from  it  at  the  bottom, 
-ound  this  carbon  plate,  which  constitutes  the  negative  element 
le  negative  element  in  a  primary  battery  carries  the  positive  termi- 
1  and  tice  versa),  is  packed  a  depolarizing  agent,  usually  dioxide  of 
Lnganese.  The  active  solution  is  sal  ammoniac  in  water  which  is 
ured  in  after  the  cell  is  assembled  and  filled  with  the  depolarizer, 
(I  then  the  cell  is  sealed  at  the  top  with  pitch,  so  that  it  is  dry  in 
me  only.  No  chemical  action  can  take  place  without  the  presence 
moisture. 

A  drj-  cell  of  the  ignition  type  generates  a  current  of  20  to  25 
iperes  (when  new)  at  a  potential  of  IJ  volts. 

Q.    Why  is  a  depolarizing  agent  necessary? 

A.  The  action  of  the  cell  generates  hydrogen  gas,  which  quickly 
vers  the  carbon  plate  in  the  form  of  globules,  rendering  it  inactive, 
le  cell  is  then  said  to  be  pc^rized,  and  the  current  generated  drops 
very  rapidly.  This  may  be  illustrated  by  placing  an  ammeter 
r')ss  the  terminals  of  a  new  cell.  The  ammeter  reading  will  remain 
L'O  amperes  for  a  short  time  and  then  will  quickly  drop  until,  at  the 
d  of  five  minutes,  the  instrument  will  show  scarcely  any  reading  at 
I.  If  the  connection  is  broken  and  the  cell  allowed  to  stand  for  ten 
inutes,  it  will  again  show  almost  as  high  a  reading  as  before;  at  the 
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may  be  used  as  the  main  source  of  ignition  current;  as  this  intei 
makes  instantaneous  contact  only  at  the  moment  the  sp 
required  in  the  cylinder,  the  battery  otherwise  being  on  open  i 

Q.    How  can  the  life  of  such  a  battery  be  prolonged? 

A.  By  connecting  two  or  more  sets  of  four  cells  each  in 
multiple,  i.e.,  each  group  of  four  is  connected  in  series  to  gi 
required  voltage,  and  the  positive  and  negative  terminals  ( 
group  are  connected  together.  The  amount  of  current  then 
from  each  cell  is  only  one-half  what  it  would  be  if  a  single  set 
were  employed,  or  one-third  what  it  would  be  where  sets 
series-multiple,  and  so  on. 

Q.  When  a  set  of  four  dry  cells  will  last  a  certain  leuftfa  o 
why  is  it  that  adding  extra  cells  in  series,  for  exampie*  a  2 
battery,  will  not  last  longer? 

A.  The  amount  of  current  drawn  from  the  cells  when  t 
cuit  is  closed  depends  upon  the  voltage  of  the  entire  series,  a 
greater  the  total  voltage  the  larger  the  volume  of  current,  in  fl 
ance  with  Ohm's  law.  Consequently,  the  six-cell  battery  w 
last  so  long  as  the  four  on  the  siime  ser\-ice. 

Q.    Why  is  it  not  good  practice  to  connect  an  old  set  ( 
cells  in  series-multiple  with  a  new  four-celi  battery,  or  gpro 
uneven  numbers  in  the  same  manner,  as  for  instance,  three 
and  four  in  another? 

A.  The  new  crlls  will  have  an  output  of  twice  that  of  t 
ones,  X)  that  when  the  circuit  is  closed  the}'  will  discharge  tl 
tht*  lattiT  until  the  ami^erage  of  all  is  equalized.  Where  1 
nnmluTs  arc  used  in  groups  in  series-multiple  connection,  tb 
auc  nf  the  larpT  will  be  superior  to  that  of  the  smaller,  and  a 
art  ion  will  take  place  on  open  circuit  so  that  in  a  short  til 
iiijixiinuin  jxitnitial  of  the  battery  will  be  that  of  the  weakest 

Q.  \\  liy  should  one  cell  much  lower  than  the  othen 
he  included  in  a  dry=ce!l  battery? 

A.  Imu"  tin-  reason  jiNt  given  al)ove,  as  well  as  the  fact  t 
exhausted  cell  iruH'ji.-es  rlie  resistance  of  the  battery  as  a 
and  (lecrca-e>  tIu'  rnrrmt. 

Q.  Why  will  the  dry -cell  battery  used  on  a  dual  i 
system  not  run  tiie  engine  satisfactorily  for  any  length  of  tlm 
the  magneto  is  not  in  proper  working  order? 
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A.    Because  the  interrupter,  or  contact  breaker,  of  the  magneto 

of  the  elosed-circuit  type,  thus  drawing  current  continuously, 

xxpt  when  the  points  open  to  break  the  circuit  and  induce  a  high- 

nsion  current  in  the  secondary  of  the  coil.    In  a  system  of  this  type, 

le  dry  cells  are  intended  only  for  starting  purposes. 

Q.  Why  can  a  modem  battery  system  not  be  used  with  dry 
lb? 

A.  Because  the  interrupter  is  of  the  closed-circuit  type,  similar 
that  of  the  magneto,  and  the  demand  for  current  (usually  about  3 
iperes)  is  practically  constant.  It  is  not  so  much  the  amount  of 
Trent  required  that  affects  the  dry^  cells,  as  the  fact  that  they  are 
most  constantly  on  closed  circuit,  so  that  there  is  no  opportunity 
r  the  depolarizing  agent  to  work.  This  demand  on  the  storage 
kttery  of  the  starting  and  lighting  system  (usually  of  80-  to  120- 
ipere-hours  capacity)  is  negligible.  At  a  3-ampere  discharge 
be,  the  larger  battery  when  fully  charged  and  in  good  condition 
>uld  be  capable  of  giving  practically  forty  hours  of  continuous 
rvice.  Under  the  same  conditions,  new  dry  cells  would  not  pro- 
de  efficient  ignition  for  more  than  an  hour. 

Q.  Does  the  yoltage^  as  well  as  the  amperage,  of  the  dry 
U  fall  off  on  closed  circuit? 

A.  The  voltage  is  affected  very  slightly;  a  cell  that  is  practically 
hausted  will  show  almost  1^  volts  so  that  a  voltmeter  test  is  no 
lication  of  the  condition  of  the  cell. 

FORD  IQNITION  SYSTEM 
While  a  great  many  of  the  causes  of  missing  or  breakdown,  in 
e  ignition  system  covered  by  the  foregoing  queries,  apply  to  a  great 
tent  to  all  cars,  such  as  loose  wires,  short-circuits  and  the  like,  the 
>id  system  is  distinctive.  It  is  based  on  the  same  fundamental 
indples,  of  course,  but  it  has  many  features  not  to  be  found  on 
ber  cars  so  that  there  are  causes  of  failure  that  could  never  be 
Gulily  determined  by  experience  gained  on  other  makes  of  machines, 
ough  long  handling  of  ignition  apparatus  would  naturally  be  of 
eat  assistance.  In  working  on  the  Ford  ignition  system  it  must  be 
»me  in  mind  that  it  is  a  combination  of  the  old-time  battery  system 
th  a  modem  generator  as  the  source  of  current  supply,  so  that  the 
any  defections  due,  in  the  earlier  days  to  the  dry  battery,  are  now 
zking. 
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Q.    Of  what  does  the  Ford  ignition  system  consist? 

A.  A  multipolar  alternating-current  generator  (magneto) 
built  integral  with  the  flywheel;  a  primary,  or  low-tension  timer,  in 
which  a  roller  makes  contact  with  the  four  stationary  segments  in 
the  housing;  four  vibrator  coils,  one  for  each  cylinder,  plus  the  usual 
number  of  spark  plugs  and  connections  in  the  primary  and  second- 
ary circuits. 

Q.  Is  the  Ford  ignition  system  efficient  and  reliabley  or  is  it 
advisable  when  much  trouble  is  experienced  with  it  to  replace  it 
with  any  of  the  numerous  accessories  and  complete  ignition  systems 
that  are  claimed  to  be  improvements? 

A.    While  there  are  many  ignition  systems  the  parts  of  which 

are  made  with  greater  precision,  and  some  in  which  the  design  and 

particularly  the  accessibility  of  the  important  essentials  are  superior, 

experience  has  proved  the  Ford  system  to  be  both  efficient  and 

reliable.    With  proper  care,  there  should  never  be  any  necessity  for 

replacing  it  with  any  system  made  by  an  accessory  manufacturer,  or 

for  adding  to  it  any  one  of  the  legion  of  devices  advertised  as 

improvements  on  it. 

Timer 

Q.  What  are  some  of  the  commoner  causes  of  failure  of  the 
Ford  system? 

A.  One  of  the  most  frequent  is  due  to  the  timer  and  is  caused 
by  failure  to  lubricate  it.  Contrary  to  the  usual  practice,  which  is 
to  prevent  oil  getting  on  the  contacts  of  a  timer  as  it  tends  to  insu- 
.  late  the  latter,  the  Ford  timer  requires  plenty  of  oil,  and  should  be 
lubricated  every  day.  There  is  no  fear  of  giving  it  too  much  oil  as 
the  excess  will  leak  out  of  the  housing;  it  will  continue  to  operate 
satisfactorily  even  though  flooded  with  oil,  while  the  slightest  lack 
of  it  will  cause  trouble. 

Q.    What  is  the  nature  of  the  trouble  caused  by  the  timer? 

A.  If  not  oiled  at  regular  intervals,  it  will  cause  missing  of 
various  cylinders,  and  those  that  do  fire  will  be  late,  as  if  the  ignition 
were  fully  retarded,  so  that  the  motor  develops  very  little  power. 
An  accumulation  of  gummed  oil  and  dirt  will  produce  a  similar 
result.  The  timer  housing  should  be  taken  off  and  the  contacts 
cleaned ;  the  roller  contact  also  should  be  cleaned  by  squirting  gaso- 
Une  over  it  and  wiping  over  well. 
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Q.    Will  lack  of  oil  have  any  other  result 

A.  Besides  the  missinj;,  usually  most  noticeable  at  higher 
■eeds.  failure  to  lubricate  will  result  in  very  rapid  wear  of  both  the 
Her  and  its  track  (contacts  in  the  stationary  housing)  so  that  its 
teration  will  soon  become  unsatisfactor>',  even  though  subsequently 
■pt  oile<]. 

Q.  What  are  some  other  causes  of  faulty  operation  of  the 
ner  (generally  referred  to  as  a  commutator)? 

A.  Weakening  of  the  spring  which  holds  the  roller  against  its 
ftck  will  cause  missing  at  low  speeds,  while  a  loosening  of  the  spring 
lich  holds  die  timer  housing  in  place  is  liable  to  cause  erratic  firing 
all  spt-eds.  This  spring  is  held  by  a  single  cap  screw  passing 
rough  the  breather  tube,  which  serves  also  as  an  oil  filler  for  the 
ankoase.  At  its  inner  end  it  has  a  small  boss  which  fits  in  a  cor- 
Kpunding  depression  in  the  hub  of  the  timer  housing.  This  is  the 
ily  thing  that  holds  the  latter  in  [^ce.  The  loosening  of  this  cap 
rew  is  liable  to  let  the  housing  drop  out  of  place  sufficiently  to  pr& 
nt  the  n)ller  making  contact  with  all  of  the  segments. 

Q.  Does  the  weather  have  any  effect  on  the  operatk>n  of  the 
ner? 

A.  Inlcss  precautions  are  taken  to  lubricate  it  properly,  cold 
■utlier  will  make  starting  difficult.  This  is  due  to  ordinary  lubri- 
ting  oil  iM-coming  congeale<l  in  the  housing,  thus  preventing  the 
lltT  fn>m  coming  into  good  contact  with  the  segments.     An  indi- 
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the  brush  points  upward.  This  may  be  determined  by  removing 
the  valve  mechanism  cover  and  noting  the  operation  of  the  valve 
in  question. 

Q.    If  parts  show  much  wear,  what  should  be  done? 

A.  Replace  them;  as  they  cost  so  little  that  it  is  far  less  expense 
to  put  in  new  parts  than  to  attempt  to  make  old  ones  sen-e  by 
truing  them  up. 

Q.  When  examination  reveals  gummed  oil  and  the  weather  is 
cold,  what  should  be  done? 

A.  Clean  out  the  housing  and  the  roller-contact  parts  with 
gasoline,  and  use  a  mixture  of  i  kerosene  and  f  lubricating  oil  in  the 
timer,  as  long  as  the  weather  is  cold. 

Q.  What  other  causes  of  trouble  with  the  tinier  are  more  or 
less  common? 

A.  Short-circuiting  of  the  primary  wires  which  lead  to  the 
timer,  or  the  loosening  of  these  wires  at  the  terminals  on  the  housing. 
The  position  of  the  timer  is  such  that  the  insulation  of  these  wires 
is  subjected  to  considerable  wear  by  reason  of  the  movement  of  the 
housing  in  advancing  and  retarding  the  time  of  ignition.  The  best 
method  of  remedying  this  is  to  replace  the  entire  set  of  primary  wires. 

Vibrator  Coils 

Q.  Is  irregular  firing  likely  to  be  caused  by  any  other  paA  of 
the  system  than  the  timer? 

A.  The  vibrators  of  the  induction  coils  may  get  out  of  adjust- 
ment and  cause  either  erratic  firing,  or  missing  of  one  or  more  cylinders 
altogether,  in  case  one  or  more  vibrators  cease  to  operate. 

Q.    How  can  this  be  determined? 

A.  Run  the  motor  slowly  and  watch  the  action  of  the  vibrators; 
they  should  act  regularly  and  with  the  same  rapidity  in  each  case, 
any  stuttering  or  hesitation  indicating  either  poor  adjustment  or 
points  in  poor  condition. 

Q.  How  can  the  vibrators  be  utilized  to  determine  which 
cylinder  is  missing,  where  the  cause  lies  in  some  part  of  the  system 
other  than  the  vibrators  themselves? 

A.  Hold  one  vibrator  down  at  a  time  with  the  finger;  if  the 
remaining  three  cylinders  fire  regularly,  the  one  represented  by  the 
vibrator  being  held  out  of  action  is  the  one  at  fault.  The  cj'linder 
can  always  be  located  quickly  by  holding  down  each  vibrator  in  turn. 
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Q.  When  the  cylinders  do  not  all  fire  regularly,  but  there  is 
no  perceptible  difference  between  the  action  of  the  vibratorst  how 
can  the  cylinder,  or  cylinders,  at  fault  be  determined? 

A.  Hold  down  the  vibrators  in  pairs,  taking  first  Nos.  1  and  4, 
and  then  Nos.  2  and  3.  This  will  cause  the  engine  to  run  on  two 
cylinders  at  a  time,  and  any  difference  between  the  operation  of  the 
two  pairs  or  between  members  of  each  pair  will  be  apparent. 

Q.    What  is  the  firing  order  of  the  Ford  motor? 

A.    1-2-4-3. 

Q.    How  are  the  coil  vibrators  adjusted? 

A.  The  usual  method  is  to  turn  the  adjusting  screw  up  until 
the  vibrator  stops  buzzing;  then  turn  the  screw  down  again  very 
slowly  until  the  points  just  come  together  and  the  firing  of  that 
cylinder  becomes  regular;  then  give  the  screw  an  extra  quarter-turn 
down,  and  lock  in  place. 

In  adjusting  K-W  coils,  it  is  important  to  see  that  the  little 
flat-cushion  spring  just  underneath  the  vibrator  bridge  works  back 
and  forth,  every  time  the  points  make  and  break  contact.  This  can 
be  determined  by  taking  the  coil  unit  out  of  the  box  and  holding 
the  vibrator  up  to  the  light;  press  down  the  vibrator  and  observe 
the  action  of  the  cushion  spring.  It  is  important  to  adjust  all  the 
units  alike  or  the  motor  will  not  develop  its  full  power. 

Q.  What  is  the  effect  of  adjusting  so  that  the  contact  points 
are  too  far  apart;  too  close  together? 

A.  If  too  far  apart,  the  cylinder  will  not  fire  regularly  or  with 
its  usual  power.  If  too  close  together  the  current  is  likely  to  arc  at 
the  contact  points,  thus  preventing  the  breaking  of  the  circuit  when 
the  armature  is  drawn  down,  burning  the  points  themselves,  and 
sometimes  putting  the  coil  out  of  action  entirely. 

Q.    Does  the  vibrator  adjustment  affect  starting? 

A.  When  the  points  are  too  close,  more  current  is  required  to 
''make  and  break"  the  contact  between  them,  and  the  motor  must 
be  turned  over  that  much  faster.  For  the  best  adjustment,  the 
points  should  barely  touch.  If  the  adjustment  is  too  light,  they  may 
not  do  this  and  a  miss  at  that  cylinder  will  result. 

Q.    If  the  vibrator  buzzes  constantly,  what  is  the  trouble? 

A.  There  may  be  a  short-circuit  at  the  timer  or  in  the  wire 
leading  from  that  coil  to  it,  or  the  coil  itself  may  be  defective.    One 
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of  the  first  symptoms  of  a  defective  coil  is  the  buzzing  of  the  vibra- 
tor, with  no  spark  at  the  plug. 

Q.    How  can  a  defective  coil  be  determined? 

A.  To  make  certain  that  the  cause  is  in  the  coil,  change  the 
location  of  the  units  in  the  coil  box.  If  another  Unit  acts  the  same 
when  substituted  for  the  one  giving  trouble,  the  fault  is  not  in  the 
coil  but  in  some  other  part  of  the  system.  Should  the  coil  that  is 
shifted,  however,  act  the  same  in  its  new  location,  and  the  one  that 
takes  its  place  operates  properly,  the  coil  itself  causes  the  trouble. 

Q.  When  there  is  an  unusually  heavy  or  ^fat"  bluish  spark 
at  the  contact  points,  what  is  the  cause? 

A.  The  current  may  be  arcing  at  the  points,  due  to  their  being 
adjusted  too  closely;  or  the  condenser  may  have  broken  down.  To 
make  certain  that  the  condenser  has  failed,  disconnect  the  secondar\- 
cable  from  the  spark  plug  and  hold  the  terminal  about  ^  inch  away 
from  the  metal  end  of  the  plug.  If  the  condenser  has  failed,  the 
spark  occurring  at  thb  gap  will  be  irregular. 

Q.  What  will  happen  if  the  contact  points  are  allowed  to 
become  pitted  and  ragged,  due  to  the  burning  effect  of  the  current? 

A.  They  are  liable  to  stick  together  and  cause  unnecessary 
difficulty  in  starting  or  occasional  missing  when  running.  They 
should  be  trued  up  with  a  very  fine  flat  file  or  with  an  old  piece  of  fine 
sandpaper.    Never  use  emery. 

Q.  When  the  vibrator  points  bum  badly  in  a  very  short  time, 
what  is  the  cause? 

A.  The  owner  of  the  car  has  probably  replaced  the  original 
A'ibrators  with  cheaper  substitutes  having  nickel  or  German-silver 
<'onta('t  j)oints.  Nothing  but  platinum  or  platinum-iridium  con- 
tacts will  give  satisfactory  service,  so  that  new  parts  from  the  makers 
should  hv  installed. 

Q.  When  the  engine  will  suddenly  lag  and  pound,  what  is  the 
cause? 

A.  An  intermittent  short-circuit  in  the  wiring  or  at  the  com- 
mutator. The  pounding  is  caused  by  the  premature  explosion  of 
the  charge  against  the  rising  piston.  The  vibration  causes  the  short- 
circuit  to  occur  at  some  times,  and  not  at  others,  so  that  the  engine 
will  run  regularly  for  a  few  minutes  and  then  pound  again,  until 
the  movement  once  more  temporarily  eliminates  the  cause. 
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Q.  With  all  the  vibrators  properly  adjusted  and  the  timer 
and  wiring  in  good  condition,  what  is  the  cause  of  irregular  firing? 

A.  Provided  the  spark  plugs  are  all  in  good  condition,  points 
not  too  far  apart,  etc.,  this  is  frequently  caused  by  the  top  of  the  coil 
box  coming  loose.  The  coil  units  are  provided  with  brass-strap 
terminals  on  the  bottom  of  the  wooden  casing  of  the  coil,  and  these 
terminals  make  contact  with  similar  straps  in  the  bottom  of  the  coil 
box  on  the  dash.  They  depend  for  good  contact  on  the  pressure 
exerted  by  the  cover  of  the  box,  which  must  always  be  kept  tightly 
snapped  on. 

Q.  When  missing  is  not  traceable  to  any  of  these  causes, 
what  is  likely  to  be  the  cause? 

A.  Something  outside  of  the  ignition  system,  such  as  a  weak- 
valve  spring,  or  a  valve  improperly  seating,  due  to  some  other  cause. 
Loss  of  compression  at  the  cylinder-head  gasket:  run  a  little  lubri- 
cating oil  along  the  edge  of  the  gasket  and  note  whether  bubbles 
appear.    Replace  with  a  new  gasket  if  any  leakage  is  apparent. 

Magneto 

Q.  How  does  the  Ford  magneto  differ  from  the  regulation 
type? 

A.  The  magnets  are  revolved  instead  of  the  armature;  it  has 
sixteen  field  poles  and  armature  coils,  and  it  revolves  at  crankshaft 
speed  to  fire  a  four-cylinder  motor.  It  is  not  timed  to  the  motor 
the  same  as  an  ordinary  magneto,  which  is  coupled  to  the  camshaft, 
or  other  half-time  shaft,  and  the  distributor  of  which  must  rotate 
sjTichronously  with  the  motor. 

Q.    Of  what  does  it  consist? 

A.  Two  discs,  one  carrying  sixteen  magnets  with  their  poles 
pointing  outward,  and  the  other  sixteen  coils  of  strap  copper  on  oval 
cores,  all  of  the  coils  being  connected  in  series.  The  disc  carrying 
the  magnets  is  rotated  by  the  flywheel  to  which  it  is  attached,  while 
the  other  disc  is  attached  to  the  crankcase,  and  remains  stationarv. 
One  end  of  the  coil  winding  of  the  magneto  is  grounded  on  the  support- 
ing disc  carr^^ing  the  coils,  while  the  other  is  led  to  a  terminal  which 
extends  through  the  flywheel  housing.  A  cable  from  this  terminal 
or  binding  post,  supplies  current  to  the  coils. 

Q.  Is  it  ever  necessary  to  remagnetize  the  magnets  of  the 
field,  and  how  can  it  be  done? 
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A.  Unless  they  have  become  demagnetized,  due  to  some  out- 
side influence,  it  is  rarely  necessary  to  touch  the  magnets. 

Q.    How  can  they  become  demagnetized  by  an  outside  force? 

A.  The  attachment,  by  mistake,  of  a  storage  battery  to  the 
magneto  terminal  will  send  a  current  through  the  coil  windings  in 
the  opposite  direction,  and  will  demagnetize  them.  When  this 
happens,  it  is  not  advisable  to  attempt  to  remagnetize  the  old 
magnets,  as  it  is  much  cheaper  and  quicker  to  replace  them.  The 
new  set  is  supplied  mounted  on  a  board  in  exactly  the  position  they 
should  be  installed. 

Q.    How  can  the  magneto  be  dismounted? 

A.  To  do  this,  it  is  necessary  to  remove  the  power  piant  from 
the  car.  The  radiator  must  be  taken  oflf  by  disconnecting  its  stay 
rod  and  taking  out  the  two  holding  bolts  at  the  frame,  after 
uncoupling  the  hose  connections.  Remove  the  dash  and  loosen  the 
steering-post  bracket,  fastened  to  the  frame,  permitting  the  dash  and 
steering  gear  to  be  lifted  off  as  a  unit  (wires  having  first  been  dis- 
connected) ;  take  out  bolts,  holding  front  radius  rod  in  socket  under- 
neath the  crankcase;  remove  four  bolts  at  the  universal  joint;  remove 
pans  on  either  side  of  cylinder  casting;  disconnect  feed  pipe  from 
carburetor,  and  exhaust  manifold  from  exhaust  pipe,  by  unscrewing 
large  brass  nut;  remove  the  bolts  which  hold  the  crankcase  arms  to 
the  frame  at  the  side;  then  pass  a  rope  through  the  opening  between 
the  two  middle  cylinders,  and  tie  it  in  a  loose  knot;  through  the  rope 
pass  a  2  by  4  timber  or  a  heavy  iron  pipe  about  ten  feet  long;  with  a 
man  at  each  end  of  this  and  a  third  at  the  starting  crank,  the 
whole  power  plant  can  readily  be  lifted  out;  then  remove  the  crank- 
case and  transmission  cover,  and  take  out  the  four  cap  screws  that 
hold  the  flywheel  to  the  crankshaft.  This  gives  access  to  every  part 
of  the  magneto  mechanism.  To  take  out  the  old  magnets,  simply 
remove  the  cap  screw  and  bronze  screw  which  holds  each  in  place. 
When  reassembling  the  magneto,  great  care  must  be  taken  to  see 
that  the  disc  or  plate  carrying  the  magnetos  revolves  them  exactly 
uV  inch  of  the  core  faces  of  the  coils. 

Q.  How  can  it  he  determined  whether  the  magnets  are  at 
fault  or  not? 

A.  Whenever  there  is  a  partial  failure  of  the  current,  rwnove 
the  binding  post  by  taking  out  the  three  screws  which  hold  it  in 
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ice.  Clean  out  any  dirt  or  foreign  matter  that  may  have  accumu- 
ed  under  the  contact  spring.  If  this  does  not  materially  improve 
e  running,  test  by  comparing  with  battery  ignition.  Connect 
e  terminal  of  a  six-volt  storage  battery  to  the  battery  terminal 
the  coil  box  (a  battery  of  four  or  five  fresh  dry  cells  will  serve 
ually  well  for  a  short  test  run),  and  ground  the  other  terminal  of 
e  batter^'  on  the  frame  of  the  car,  making  certain  that  good  electrical 
nnection  is  made.  Run  the  engine  at  different  speeds  on  the 
igneto,  and,  while  running,  throw  the  switch  over  suddenly  to 
e  battery  point;  any  decided  acceleration  in  the  speed  will  indicate 
at  the  battery  is  supplying  a  much  better  current  for  ignition, 
i<l  that  the  magneto  is  at  fault.  If  used  for  any  length  of  time  for 
iting,  a  drj-ccll  battery  will  not  give  equally  accurate  results,  as 
e  cells  are  likely  to  run  down  very  quickly,  and  the  firing  will  then 
better  on  the  magneto,  even  though  the  latter  be  weak. 

Q.  When  the  engine  suddenly  fails  to  Are  altogether,  what  to 
«ly  to  be  the  cause? 

A.  The  cable  leading  from  the  binding  post  on  the  magneto 
s  dropped  off,  either  at  the  latter  or  at  the  coil;  or  some  piece  of 
^ign  matter  has  come  between  the  contact  spring  attached  to  the 
iding  post  and  its  contact. 

Q.  When  the  nufneto  gradually  gets  weaker  and  weaker  In 
car  that  has  seen  a  sreat  deal  of  service.  Is  It  certain  that  the 
^nets  have  weakened? 
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connected  at  either  end;  in  a  dual  system,  the  primary  cable  from  the 
magneto  to  the  coil  may  become  disconnected,  either  at  the  magneto 
or  at  the  coil;  the  secondary  cable  from  the  coil  to  the  magneto 
distributor  may  loosen  and  drop  off,  either  at  the  coil  or  at  the 
magneto;  this  secondary  cable  may  become  grounded  between  the 
coil  and  the  magneto;  the  switch  may  have  loosened  up,  through 
vibration,  and  may  jar  open;  the  magneto  may  have  become  grounded 
internally,  so  that  no  current  is  delivered  to  the  outside  circuit. 
The  magneto  cam  may  have  loosened  up  on  its  shaft,  so  that  it  no 
longer  revolves  with  the  latter,  and,  consequently,  does  not  open 
the  contact  points  in  the  breaker  box.  The  primary  cable  from  the 
magneto  to  the  coil  may  have  become  grounded  on  the  frame  or 
short-circuited  on  another  cable,  due  to  wear  from  chafing,  thus 
preventing  the  current  from  reaching  the  coil.  In  a  dual  system, 
the  entire  system  may  have  become  grounded  through  the  metal 
of  the  dry  cells  coming  in  contact  with  the  metal  battery  box  or 
other  metal  part  connected  to  the  chassis  of  the  car. 

Q.  Do  the  foregoing  constitute  all  of  the  possible  causes  for 
a  sudden  failure  of  the  Ignition  system? 

A.  No  brief  r6sum6  could  possibly  include  all  of  the  causes 
that  may  exist  for  a  stoppage  of  this  kind,  but  they  include  probably 
more  than  90  per  cent  of  all  the  commoner  causes  of  such  a  failure, 
and,  either  as  given  above,  or  in  some  modified  form  of  the  same 
condition,  will  be  found  to  represent  by  far  the  greater  part  of  all 
the  causes  of  sudden  stoppage. 

Q.  Of  the  causes  given  above,  which  are  the  most  likely,  in 
the  order  of  their  usual  occurrence? 

A.  The  loosening  of  a  battery  connection  at  the  terminal  or 
at  the  coil,  or  of  a  magneto  and  coil  connection  at  either  end;  ground- 
ing or  short-circuiting  of  either  the  primary  or  secondary  main 
connection  between  magneto  and  coil,  that  of  the  secondary  being 
more  frequent  owing  to  the  high-tension  current  it  carries.  Ground- 
ing of  the  dry  cells  in  the  battery  box;  loosening  of  the  switch  so  that 
it  jars  open.  With  the  exception  of  the  grounding  of  the  primary 
or  secondary  cable  between  the  magneto  and  the  coil,  all  of  the 
above  are  the  direct  result  of  vibration  and  jarring.  In  old  four- 
cylinder  motors,  vibration  is  constant,  and  at  times  very  severe,  so 
that  attention  should  first  be  directed  to  searching  for  loose  con- 
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aections^  as  unless  tightened  up  at  intersrals,  they  are  very  likely 
to  shake  o£F.  Internal  grounding  of  the  magneto  or  loosening  of  the 
breaker-box  cam,  so  that  the  interrupter  does  not  operate;  these  are 
rarer  causes  of  trouble,  and  a  search  for  them  should  be  deferred 
until  after  the  commoner  causes  mentioned  above  have  been 
thoroughly  investigated. 

Q.  Where  all  connections  have  been  tightened  up  without 
dvercomhig  the  trouble,  how  can  the  other  possible  causes  of  stop- 
|Mige  be  eliminated,  in  tracuig  the  real  seat  of  the  failure  to  run? 

A.  See  that  the  dry  batteries  of  a  dual  system  are  not  touching 
my  metal;  inspect  the  magneto  breaker  box  while  another  person 
dowly  turns  the  motor  over  by  hand,  so  that  the  operation  of  the 
interrupter  may  be  noted.  If  working  properly,  disconnect  the 
secondary  cable  from  the  magneto  to  the  coil,  and  with  the  motor 
running,  hold  its  terminal  J  inch  away  from  the  coil  connection, 
[n  case  there  is  no  fault  here,  a  bright  spark  will  result  at  the  gap. 
Note  whether  holding  the  cable  away  from  the  motor  has  been 
responsible  and  whether,  when  it  is  dropped  back  on  the  motor  again, 
jparking  occurs  at  any  point  along  its  length  between  the  cable  and 
the  metal  of  the  motor.  Disconnect  the  primary  cable  from  the 
magneto  to  the  coil,  and,  with  the  motor  running,  wipe  its  end  on 
the  primary  terminal  of  the  coil;  sparking  should  result  if  there  is 
tie  break  in  the  cable.  Take  the  same  precaution  in  putting  it  ba(.*k 
sis  with  the  secondary  cable  to  see  that  it  is  not  grounding  at  some 
place  along  its  length  where  it  touches  the  motor;  No  visible  spark 
will  be  produced  in  this  case,  but  the  condition  of  the  insulation  oi* 
the  cable  itself  should  be  the  best  indication  of  this  kind.  Bend 
the  wire  along  its  length  to  detect  any  possible  breaks  in  the  copper 
wire  under  the  insulation.  Disconnect  the  ground  cable  from  the 
coil  to  the  magneto,  and,  while  the  motor  is  running,  hold  it  close 
to  either  the  magneto  or  the  coil  terminal;  a  high-tension  spark  will 
result  if  the  cable  is  all  right.  Note,  while  the  motor  is  ruiming, 
whether  there  is  any  sparking  at  the  safety  gap,  on  the  magneto 
itself,  if  on  the  high-tension  type,  or  on  the  coil  of  a  dual  system. 
Note  whether  the  primary  and  secondary  cables  cross  each  other, 
and  whether  there  is  any  sparking  between  the  two  while  the  motor 
b  running.    Inspect  the  ends  of  all  stranded  cables  carefully,  and 

whether  one  or  more  of  the  fine  wires  have  not  broken  through 
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connected  at  either  end;  in  a  dual  system,  the  primary  cable  fr 
magneto  to  the  coil  may  become  disconnected,  either  at  the  n: 
or  at  the  coil;  the  secondary  cable  from  the  coil  to  the  n 
distributor  may  loosen  and  drop  oflf,  either  at  the  coil  or 
magneto;  this  secondary  cable  may  become  grounded  betwi 
coil  and  the  magneto;  the  switch  may  have  loosened  up,  t 
vibration,  and  may  jar  open;  the  magneto  may  have  become  gr 
internally,  so  that  no  current  is  delivered  to  the  outside 
The  magneto  cam  may  have  loosened  up  on  its  shaft,  so  ths 
longer  revolves  with  the  latter,  and,  consequently,  does  nc 
the  contact  points  in  the  breaker  box.  The  primary  cable  fr 
magneto  to  the  coil  may  have  become  grounded  on  the  fr 
short-circuited  on  another  cable,  due  to  wear  from  chafinj 
preventing  the  current  from  reaching  the  coil.  In  a  dual  < 
the  entire  system  may  have  become  grounded  through  the 
of  the  dry  cells  coming  in  contact  with  the  metal  batter>' 
other  metal  part  connected  to  the  chassis  of  the  car. 

Q.  Do  the  foregoing  constitute  all  of  the  possible  cau 
a  sudden  failure  of  the  ignition  system? 

A.  No  brief  r6sum6  could  possibly  include  all  of  the 
that  may  exist  for  a  stoppage  of  this  kind,  but  they  include  pi 
more  than  90  per  cent  of  all  the  commoner  causes  of  such  a 
and,  either  as  given  above,  or  in  some  modified  form  of  th 
condition,  will  be  found  to  represent  by  far  the  greater  par 
the  causes  of  sudden  stoppage. 

Q.  Of  the  causes  given  above,  which  are  the  most  lil 
the  order  of  their  usual  occurrence? 

A.  The  loosening  of  a  battery  connection  at  the  term 
at  the  coil,  or  of  a  magneto  and  coil  connection  at  either  end;  g 
ing  or  short-circuiting  of  either  the  primary  or  secondary 
connection  between  magneto  and  coil,  that  of  the  secondai;)' 
more  frequent  owing  to  the  high-tension  current  it  carries.  Gi 
ing  of  the  dry  cells  in  the  battery  box;  loosening  of  the  switch  9 
it  jars  open.  With  the  exception  of  the  grounding  of  the  pr 
or  secondary  cable  l)etween  the  magneto  and  the  coil,  all  ( 
above  are  the  direct  result  of  vibration  and  jarring.  In  oH 
cylinder  motors,  vibration  is  constant,  and  at  times  very  sev« 
that  attention  should  first  be  directed  to  searching  for  loofi 
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Q.  Are  symptoms  of  this  miture  ever  due  to  a  fault  in  the 
ignition  system? 

A.  Thlsy'will  result  at  times  from  the  use  of  a  set  of  dry  cells 
that  is  almost  exhausted.  The  storage  battery  also  acts  in  a  similar 
mamier.  Both  the  dry  cell  and  the  storage  battery  recuperate  very 
rapidly  even  when  practically  exhausted,  so  that  they  will  often 
provide  sufficient  current  to  run  the  motor  properly  for  a  very 
short  time,  will  then  cause  it  to  miss  badly,  and  shortly  afterward 
eigain  run  regularly.  If,  when  the  switch  is  thrown  over  to  the 
tnagj^eto,  the  motor  runs  smoothly  and  continuously,  there  is  no 
doublt  that  the  battery  is  at  fault,  and  this  may  be  verified  by  test- 
ing the  cells  with  a  pocket  ammeter.  Should  they  show  much  less 
than  eight  amperes  on  test,  they  are  the  cause  of  the  trouble  and 
should  be  discarded.  This  may  also  be  due  to  the  use  of  a  storage 
battery  that  is  practically  exhausted,  though  it  would  be  extremely 
bad  practice  to  allow  a  storage  battery  to  get  this  low.  Test  with 
the  voltmeter:  if  the  cells  show  1 J  volts  each  or  less  they  are  badly 
in  need  of  charging,  and  if  they  will  not  run  the  motor  properly, 
should  be  immediately  recharged  from  an  outside  source  of  current. 

Q.    What  is  meant  by  ^'pre-ignition'\  and  what  causes  it? 

A.  When  the  charge  in  the  cylinder  is  ignited  before  the  passing 
3f  the  spark  at  the  spark  plug,  it  is  said  to  be  "pre-ignited**,  i.e.,  fired 
in  advance  of  the  proper  time.  As  a  result,  the  force  of  the  explosion 
is  partly  exerted  against  the  rising  piston,  as  is  evidenced  by  a 
beavy  pounding  accompanied  by  a  decrease  in  the  power.  The 
cause  is  usually  an  accumulation  of  carbon  in  the  form  of  a  deposit 
ya  the  piston  head  and  results  from  excessive  lubrication.  The 
surplus  oil  finds  its  way  into  the  combustion  chamber  and  is  burned. 
rhis  condition  is  further  aggravated  by  running  with  an  over-rich 
mixture.  If  the  motor  is  allowed  to  run  very  hot,  these  carbon 
ieposits  become  incandescent,  so  that  the  fresh  mixture  is  fired  the 
noment  it  comes  in  contact  with  them.  In  some  cases  this  becomes 
K>  bad  that  the  motor  cannot  be  stopped  without  shutting  off  the 
gasoline  supply. 

Q.  How  can  the  pounding  caused  by  pre-ignition  be  distin- 
piished  from  other  internal  noises,  such  as  those  produced  by  a 
oose  crankshaft  or  crankpin  bearing? 

A.    Pre-ignition  takes  place  only  after  the  motor  has  been 
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running  long  enough  to  become  very  warm  and  with  the  throti 
opened  to  any  extent  the  pounding  is  very  violent,  jarring  the  whc 
chassis.  The  noise  produced  is  distinctive  and  can  be  identifi 
readily  once  it  has  been  experienced.  Unless  very  loose,  a  beari: 
noise  will  practically  disappear  if  the  motor  is  allowed  to  idle  ve 
slowly  and  will  always  increase  in  proportion  to  the  load,  becomi 
very  severe  when  climbing  a  hill. 

Q.    How  can  the  condition  which  causes  it  be  remedied? 

A.  By  removing  the  carbon  deposits.  In  many  late-mo( 
engines  this  can  be  done  most  readily  by  removing  the  cylinc 
heads,  usually  a  single  casting.  The  carbon  may  be  bumea  o 
with  the  oxygen-gas  flame  now  in  conmion  use  or  it  may  be  loosen 
by  the  use  of  kerosene  in  the  motor.  After  the  motor  has  run  loi 
enough  to  become  hot,  shut  off  the  gasoline  supply  gradually,  mea 
while  feeding  kerosene  through  the  auxiliary-air  inlet  of  the  carb 
retor  until  the  motor  is  running  on  kerosene  alone;  feed  an  excess 
the  latter  and  the  carbon  will  be  loosened  and  blown  out  throu. 
the  exhaust. 

Q.    When  a  single  cylinder  continues  to  miss  regularly, 
the   others   running  properly,   and    inspection  shows  every  pi 
of  the  ignition  system  to  be  in  good  condition,  what  is  likely 
be  the  cause? 

A.  Failure  of  its  valves  to  operate  properly.  Either  the  inl 
or  the  exhaust  valve  is  not  opening,  or  is  sticking  open  (the  resi 
will  be  the  same  in  either  case).  This  may  be  caused  by  a  we 
valve  spring,  a  bent  valve  stem,  derangement  of  the  valve  tapp< 
so  that  it  does  not  strike  the  valve-stem  end,  or  by  a  piece  of  foreij 
matter,  such  as  a  piece  of  carbon,  lodging  on  the  seat  of  the  vah 
so  that  the  latter  cannot  close.  Another,  though  rarer  cause,  is 
leak  in  the  manifold,  close  to  the  inlet  valve  of  the  cylinder  in  questic 
This  permits  an  excessive  amount  of  air  to  be  drawn  into  that  p« 
ticular  cylinder,  so  that  the  charge  is  too  weak  to  fire.  In  any  of  t 
above  cases,  the  result  is  that  fuel  either  does  not  get  into  the  cylind 
or  it  is  exhausted  Ix^fore  it  can  be  fired,  as  with  every  part  of  t 
ignition  system  working  properly,  the  only  thing  that  can  cause 
cylinder  to  miss  is  lack  of  fuel. 

Q.  Mention  one  of  the  causes  of  irregular  firing  that  is  seldc 
suspected,  except  by  those  who  have  eiq)erienced  it  previously? 
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A.  Excess  oil  finding  its  way  into  the  combustion  chambers  in 
such  quantities  that  it  covers  the  spark-plug  electrodes,  thus  pre* 
venting  a  spark  from  jumping  the  gap.  The  oil,  particularly  when 
fresh,  is  an  excellent  insulator  and,  if  mixed  with  carbon  so  that  it 
conducts  the  high-tension  current,  it  does  so  without  permitting  the 
formation  of  a  spark.  Owing  to  the  viscosity  of  heavy  lubricating 
oil,  it  clings  to  the  spark-plug  points  and  when  they  are  as  close 
together  as  they  should  be  (A  inch),  it  will  often  bridge  the  gap  for 
some  time,  despite  the  vibration  and  succeeding  compressions  in  the 
cylinder.  This  fault  is  particularly  difficult  to  locate  when  not 
suspected,  as  jolting  over  a  rough  piece  of  road  will  shake  the  plug 
points  free  and  the  engine  will  fire  regularly,  again  missing  inter- 
mittently when  on  smooth  going  once  more.  When  confined  to  one 
cylinder,  it  is  usually  an  indication  that  the  cylinder  wall  is  scored, 
or  that  the  lubricating-oil  feed  to  that  cylinder  is  deranged. 

Q.  Mention  a  rare  cause  of  what  appears  to  be  ignition 
failure? 

A.  When  a  motor  has  been  taken  down  and  all  its  working 
parts  thoroughly  cleaned  with  gasoline  or  kerosene,  it  will  sometimes 
be  found  next  to  impossible  to  start  it.  The  explosions  are  very 
weak  and  erratic,  and  the  engine  does  not  generate  sufficient  power 
to  run  more  than  a  few  revolutions  at  a  time.  The  trouble  has  every 
indication  of  being  due  to  a  derangement  of  the  ignition  system  and 
looks  particularly  as  if  it  might  be  faulty  timing,  caused  by  misplacing 
the  spark-plug  leads.  In  one  case  of  this  kind  experienced  by  the 
writer,  all  the  spark  plugs  and  wiring  were  renewed,  fresh  batteries 
put  in,  and  every  part  of  the  ignition  system  checked  by  three 
experienced  garage  men,  but  the  motor  could  not  be  made  to  run. 
The  trouble  was  finally  overcome  by  taking  out  the  spark  plugs  and 
injecting  two  or  three  ounces  of  the  heaviest  cylinder  oil  into  the 
combustion  chambers.  The  motor  was  old  and  well-worn  so  that 
the  pistons  were  loose;  the  cleaning  process  left  all  these  parts  wet 
with  kerosene  and  there  was  enough  of  the  latter  left  in  the  crank- 
case  to  thin  out  the  fresh  lubricating  oil  considerably.  As  a  result 
there  was  no  compression,  and  the  force  developed  by  the  explosion 
was  not  sufficient  to  turn  the  motor  over  for  more  than  a  few  revolu- 
tions; what  little  oil  was  splashed  up  by  this  was  too  thin  to  seal 
the  space  between  the  pistons  and  cylinders  so  that  most  of  the 
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power  generated  by  the  weak  explosions  leaked  past  the  pistons. 
Trouble  of  this  nature  is  most  likely  to  occur  in  old  and  well-worn 
motors,  and  will  sometimes  result  from  excessive  priming  with  gaso- 
line, i.e.,  squirting  gasoline  in  through  the  petcocks  or  spark-plug 
holes,  as  this  washes  all  the  lubricating  oil  from  the  cylinder  walls 
into  the  crankcase  and  thins  the  oil  in  the  latter. 

Q.  When  intermittent  failure  of  the  ignitk>n  is  fliotight  to  be 
due  to  faults  in  the  wiring  which  cannot  be  detected  by  an  ordinary 
examination^  how  can  the  trouble  be  found  most  readily? 

A.  Fit  a  handy  length  of  cable — one  that  will  span  practically 
any  two  points  in  the  ignition  system — ^with  spring-dip  terminals. 
Disconnect  each  wire  in  turn,  and  substitute  for  it  this  length  of 
cable  as  a  temporary  connection;  satisfactory  operation  with  the 
latter  indicates  that  the  wire  it  replaces  is  at  fault. 
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ELECTRICAL  EQUIPMENT  FOR 

GASOLINE  CARS 

PART  IV 

ELECTRIC  STARTING  AND  LIGHTING 

SYSTEMS 

GENERAL  FEATURES 

Fundaments  Characteristics.  In  the  introduction  to  ele- 
mentary electric  principles,  no  attempt  has  been  made  to  go  beyond 
simple  theory  as  applied  to  the  generation  of  electric  currents,  the 
operation  of  electric  motors,  circuits  and  the  auxiliary  devices 
required  by  the  lighting  and  starting  systems  employed  on  the 
automobile.  A  very  large  part  of  the  theory  of  electricity  and 
electrical  action  as  given  in  the  majority  of  textbooks  is  omitted 
altogether  for  the  sake  of  clearness,  only  that  part  of  it  which  bears 
directly  on  the  subject  of  electrical  equipment  of  the  automobile 
being  retained.  In  the  presentation  of  the  latter,  a  somewhat 
different  method  of  handling  the  subject  has  been  followed,  par- 
ticularly with  a  view  to  making  it  appeal  to  the  practical  man  by 
citing  examples  and  comparisons,  the  force  of  which  is  at  once  clear. 
The  man  whose  time  for  study  is  limited  has  no  opportunity  to  go 
into  all  branches  of  electrical  phenomena,  so  that  the  subject  is 
presented  in  the  briefest  and  most  practical  manner. 

Considering  that  the  practical  application  of  electric  lighting 
on  the  automobile  dates  back  to  1910  only  and  electric  starting  to 
1912  models,  in  which  year  but  one  make  of  car  was  fitted  wdth  a 
complete  system  as  regular  equipment,  there  are  a  number  of  differ- 
ent types  in  use.  Each  is  characterized  by  varying  features  of 
design  in  the  generators,  motors,  and  auxiliary  devices.  In  many 
instances  these  are  slight,  in  others  they  are  radical,  but  in  every 
case  they  merely  represent  a  different  application  of  the  fundamental 
principles  given  in  the  introduction.  Since  they  must  first  pass  the 
test  of  practical  use  before  being  adopted  by  the  automobile  manu- 
iacturer,  they  all  operate  successfully.    But,  that  they  all  do  woX. 
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operate  equally  well,  or,  to  put  it  better,  all  do  not  continue  to  show 
the  same  high  degree  of  eflBciency  and  reliability  in  service,  goes 
without  saying.  Owing  to  the  lack  of  standardization  that  pre- 
vails, it  is  necessary  to  become  familiar  with  each  system.  A  brief 
analysis  of  each  of  the  systems  in  general  use  accordingly  is  given 
here,  and  it  will  be  found  valuable  for  reference. 

VARIATIONS  OF  OPERATING  UNITS  AND  WIRING  PLANS 

Principal'  Differences.  Before  taking  up  the  different  systems 
in  detail,  an  outline  of  the  chief  points  on  which  they  vary  is  given 
as  an  aid  in  distinguishing  them  when  found  in  service  on  the  various 
makes  of  automobiles  of  which  they  form  a  part.  Electrical  sys- 
tems as  a  whole  may  be  divided  into  two  general  classes.  These 
are  the  single-unit  and  the  two-unit  types. 

Single-Unit  Type.  The  first  type  is  characterized  by  the 
employment  of  a  dynamotor — a  single  unit  with  generator  and 
motor  windings  on  the  same  armature  and  fields  connected  to  inde- 
pendent commutators  at  each  end  of  the  armature,  as  in  the  Delco, 
(in  some  models,  two  concentric  commutators  at  the  same  end)  or 
to  the  same  commutator,  as  in  the  Dyneto.  The  single-unit  type 
is  greatly  in  the  minority,  the  two  makes  cited  being  the  chief 
exponents  of  it,  though  both  of  them  are  also  built  in  the  double- 
unit  type  as  well.  When  the  ignition  distributor  is  incorporated  in 
the  generator,  as  is  now  very  generally  the  case,  the  single-unit 
types  incorporate  in  one  machine  the  three  chief  electrical  func- 
tions required  on  the  automobile,  viz,  charging  the  storage  battery, 
turning  the  engine  over  to  start,  and  distributing  the  ignition  current. 

Two-Unit  Type.  Owing  to  the  difficulty  of  efficiently  com- 
bining in  one  machine  two  functions  so  widely  separated  as  the 
generation  of  a  constant  charging  current  of  a  value  rarely  exceed- 
ing 20  amperes,  and  the  utilization  of  currents  up  to  350  amperes, 
such  as  are  required  for  starting,  the  majority  of  systems  are  of  the 
two-unit  type.  The  latter  also  is  generally  favored  owing  to  its 
greater  convenience  of  installation,  as  the  dynamo  must  run  either 
at  motor  speed,  or  at  1|  times  that,  while  it  is  necessary  to  gear  the 
starting  motor  to  the  engine  in  the  ratio  of  30  or  40  to  1.  As  the 
term  implies,  an  independent  unit  is  employed  for  keeping  the 
storage  battery  charged,  lighf"  ^g  the  lamps  (when  running) ,  and 
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distributing  the  ignition  current,  while  a  second  unit  is  installed 
solely  for  the  purpose  of  turning  the  gasoline  engine  over  to  start. 

Single-Wire  and  Two-Wire  Systems.  The  difference  between 
these  is  pointed  out  in  detail  in  the  section  on  Wiring  Diagrams, 
I'art  I\'.  Owing  to  its  greater  simplicity  of  installation,  reduced 
4-<>st  for  wiring,  and  the  greater  ease  with  which  faults  may  be 
l<K'ate<l,  the  single-wire  system  is  largely  in  the  majority.  In  fact, 
there  are  only  one  or  two  examples  of  two-wire  systems  in  general 
use,  of  which  the  Bijur,  as  employed  on  the  Packard,  Jeffery,  and 
other  cars,  may  be  cited  as  an  instance.  In  the  gradual  approach 
to  standardization  that  b  being  made  each  year,  the  number  of 
cars  on  which  the  single-wire  system  is  employed  is  constantly 
iiK-reasing.  But  differences  will  be  found  in  these  single-wire  sys- 
t4-nis  as  well,  some  employing  the  frame  of  the  car  for  the  positive 
side  of  the  circuit,  and  others  for  the  negative.  This  must  be  home 
in  mind  when  testing  for  faults  with  the  volt-ammeter. 

Comparisim  of  Systems.  While  inherently  more  dangerous, 
c:iperience  has  demonstrated  that  the  fire  hazard  with  the  single- 
wire  system  is  more  a  matter  of  proper  installation  than  of  the  com- 
[Hirative  merits  of  the  systems  themselves,  and  quite  a  number  of 
manufacturers  who  adopted  the  two-wire  system  at  the  outset  have 
later  become  converta  to  the  single-wire  system.  The  Society  of 
Atit4>m(>l)ile  Engineers,  which  is  now  the  Society  of  Automotive 
Entrinwrs,  con.«iiderc4)  the  adoption  of  the  single  wire,  or  grounded 
return  system,  for  alK>ut  three  years.     This  Society  now  recom- 
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■with  the  Dl-Ico  single-wire  system,  Fig.  145,  which  is  cmploj^  onal 
'  great  numi>cr  of  cars.     Coiupftrisoii  t-nmiot  ho  owilv  exactly  on  tl»" 


[  same  basis  in  these  two  installations,  however,  as  the  Ptickiird  b 
>  what  is  known  as  a  two-unit  system,  i.f..  tlic  generator  and  ih» 
fc^ec^i^tuting-mqtor  are  independent, 
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bination  generator,  motor,  and  ignition  unit.     Moreover,  the  Pack- 
ard has  several  additional  lamps,  being  fitted  with  double  bulb 


heudtights  and  side  lights,  wliiih  arc  not  present  in  the  IX'lco  instalhi* 
tion;  but  even  omitting  ttier^e  cunsiiU'rations,  it  will  be  swn  tliat  the 
single-wire  system  has  the  suhiintage  of  sinipHcit  ;■  in  a  marked  dni^ttyi. 
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METHODS  OP  REGULATION 

Necessity  for  Control  of  Generator  Output.    In  the  section  on 
Generator  Principles^  Part  I,  mention  has  been  made  of  the  £act 
that  the  speed  with  which  the  armature  coils  cut  the  lines  of  force 
of  the  magnetic  field  is  the  chief  factor  determining  the  e.m.f.  and, 
in  consequence,  the  current  output  of  the  generator.    This,  in  con- 
nection with  the  heating  effect  of  the  current  due  to  the  resistance 
of  the  conductor,  limits  the  amperage  that  the  latter  will  carry 
safely.    Beyond  this  point  the  insulation  will  take  fire  and,  with  a 
further  increase  in  the  temperature  due  to  excessive  current,  the 
conductors  themselves  will  fuse.    With  the  extreme  variation  in 
speed  presented  by  the  operation  of  the  automobile  engine,  the 
'.    necessity  for  regulating  the  output  of  the  generator  will  be  appar- 
1   ent.    There  are  almost  as  many  methods  of  regulation  as  there  are 
:   systems  in  use. 

[  As  explained  in  the  section  on  Induction  Sources  of  Ignition 

;  Current,  Part  II,  the  magneto  is  an  electric  generator  that  requires 
no  current-controlling  device,  as  the  magnetic  excitation  of  its  fields 
is  permanent.  That  is,  barring  gradual  exhaustion  through  age, 
heat,  and  vibration,  its  magnetic  field  is  constant,  thus  enabling  it 
to  gejierate  a  current  at  very  low  speeds;  but  the  limitations  of  this 
type  of  field  are  such  that  electromagnetic  fields  are  employed  as 
in  large  direct-current  generators.  These  fields  depend  for  their 
excitation  upon  the  current  derived  from  the  armature  of  the 
machine  itself,  and,  as  the  amount  developed  by  the  latter  increases 
in  direct  proportion  to  its  speed,  the  fields  become  stronger  as  the 
speed  increases  and  correspondingly  more  current  is  generated  by 
the  armature.  As  an  automobile  motor  is  driven  at  a  great  range 
of  speeds,  varying  from  200  or  300  r.p.m.  up  to  2000  to  2500  r.p.m., 
or  even  higher,  and  the  generator  is  usually  geared  in  the  ratio 
1:1}  so  as  to  develop  its  rated  output  at  the  normal  speed  of  the 
engine  —  its  windings  would  be  quickly  burned  out  unless  some 
provision  were  made  to  control  its  output. 

Constant-Current  Generator.  Generators  of  the  so-calkrd  con- 
stant-current t>'pe  are  frequently  regulated  by  the  winding  alone. 
They  are  usually  compound-wound,  the  series  coil  being  so  con- 
nected as  to  oppose  the  shunt.  Assuming  the  coils  to  be  in  equally 
advantageous  positions  on  the  core,  the  limiting  current  tlien  is  one 
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of  sufficient  strength  to  overcome  the  spring  tension  that  is  holding 
the  regulator  points  together,  the  points  will  open  and  cause  the 
shunt  current  to  flow  through  the  shunt  resistance  before  going 
through  the  shunt  field.  This  cuts  down  the  value  of  the  current 
flowing  through  the  shunt  field  and  thereby  decreases  the  amount 
of  current  generated  at  the  positive  main  brush. 

It  must  be  remembered  that  the  amount  of  current  induced 
in  any  generator  is  dependent  upon  the  number  of  magnetic  lines 
of  force  cut  per  second,  and  the  number  of  magnetic  lines  of  force 
in  a  field  are  mainly  determined  by  the  strength  of  the  current 
flowing  around  that  field.  When  the  shunt  field  is  reduced  in 
strength,  the  corresponding  reduction  in  the  charging  rate  causes 
the  regulator  core  to  become  demagnetized  and  the  regulator 
points  to  close.  The  points 
open  and  close  so  fast  that  it 
is  hardly  visible,  and  this  proc- 
ess causes  the  output  of  the 
generator  to  remain  at  a  fairly 
constant  value. 

The  vibrating  regulation 
resistance  type  is  divided  into 
two  classes.  The  method  of 
connecting  the  regulator  coil 
determines  their  classification. 
A  vibrating  regulator  whose 
regulator  coil  is  connected  in  parallel  with  the  battery  is  shown  in 
Fig.  148.  This  method  of  regulation  is  known  as  the  constant- 
potential  type.  In  other  words,  this  system  is  regulated  by  means  of 
constant  voltage.  The  regulator  coil  is  wound  with  a  large  number 
of  turns  of  fine  wire  and  the  amount  of  current  flowing  through  this 
coil  is  determined  by  the  voltage  of  the  battery  and  the  voltage  of  the 
generator.  There  will  be  more  current  flowing  through  this  coil 
with  a  fully  charged  battery,  as  a  battery  in  this  condition  offers 
more  resistance. 

This  type  of  regulator  has  been  used  for  some  time  by  Bijur 
people.  Its  main  advantage  is  that  the  output  of  the  generator 
is  controlled  to  a  great  extent  by  the  condition  of  the  charge  of 
the  battery.    A  heavy  charging  current  will  be  produced  when  the 
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Fig.  148.     Regulator  Coil  in  Parallel  with  Battery 
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battery  charge  is  low,  but  as  the  batter>'  becomes  fully  charewl 
the  output  of  the  generator  tapers  off  gradually.  This  is  due  to 
the  less  amount  of  current  flowing  through  the  regulator  coil  when 
the  charge  of  the  battery  is  low.  The  battery  in  this  system  can 
be  removed  from  the  car  and  the  lights  will  operate  quite  satis- 
factorily as  the  regulator  will  insert  sufficient  resistance  into  the 
circuit  to  prevent  the  output  from  increasing  beyond  the  amount 
of  current  that  the  lights  use. 

The  method  of  regulating  the  output  by  means  of  constant 
current  is  shown  in  Fig.  149.  If  Figs.  148  and  149  are  compare*!, 
it  will  be  noted  that  they  are  similar  except  that  the  regulator  coil 
in  Fig.  149  is  connected  in  series  with  the  charging  circuit,  while  in 
Fig.  148  it  is  connected  in  parallel  \^ith  the  charging  circuit.    The 

regulator  coil  of  the  current- 
regulation  tx-pe  consists  of  a 
few  turns  of  heavv  wire  while 
the  regulator  coil  of  the  volt- 
age type  consists  of  a  num- 
ber of  turns  of  fine  wire. 

Referring  again  to  Fig. 
149,  the  current  is  collected 
at  the  positive  brush  of  the 
generator.  As  the  output 
increases,  the  magnetism  of 
the  regulator  coil  becomes  of 
sufficient  strength  to  overcome  the  spring  tension  on  the  regulator 
points  causing  them  to  open  and  insert  a  shimt  resistance  in  the 
shunt  circuit.  The  shunt  current  will  then  flow  from  the  positive 
brush  of  the  generator  through  the  shunt  resistance,  through  the 
shunt  fields  and  back  to  the  negative  brush  of  the  generator;  but 
when  the  points  are  closed  the  current  will  flow  through  the  points 
instead  of  tlirougli  the  shunt  resistance.  These  points,  like  the  ones 
in  the  constant  voltage  regulator,  operate  at  a  very  rapid  rate  and  on 
account  of  this  rapidity  cause  the  output  of  the  generator  to  be  held 
within  certain  limits.  This  form  of  regulation  is  tj'pical  of  that  used 
on  the  Remy  and  other  systems  for  several  years.  Most  Remy 
systems,  however,  at  the  present  time  are  of  the  third-brush  regu- 
lation. 
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Fig.  149.     Regulator  Coil  in  Series  with  Battery 


ELECTRICAL  EQUIPMENT 


281 


In  order  to  increase  the  output  of  the  current  type  of  regulator, 
it  is  necessary  to  increase  the  spring  tension  on  the  regulator  points. 
This  will  prevent  them  from  opening  until  a  higher  value  of  current 
is  obtained  from  the  generator.  In  order  to  regulate  the  output 
of  the  voltage  regulator^  no  attention  should  be  paid  to  the  amperes 
generated  as  this  will  depend  entirely  upon  the  condition  of  the 
battery.  The  regxilator  spring  must  be  adjusted  so  that  the  voltage 
will  not  exceed  8  volts  in  the  case  of  a  6-volt  system. 

There  is,  however,  a  certain  disadvantage  in  the  vibrating 
tv'pe  of  regulation,  and  manufacturers  have  been  constantly  ex- 
perimenti^  with  forms  of  regulation  so  that  a  method  of  control 
much  simpler  in  operation  and  less  expensive  to  manufacture  could 
be  produced.  The  result  of  this  experimenting  is  the  third-brush 
method  of  regulation.  Generators 
having  this  type  of  control  have  an 
extra  brush  called  the  third  brush, 
located  between  the  two  main  brushes. 
In  case  it  is  a  four-pole  four-brush 
machine  the  "third  brush"  would  be 
the  "fifth  brush." 

Referring  to  Fig.  150-a,  the  mag- 
netic lines  of  force  pass  from  the  north 
field  pole  through  the  armature  coils 
and  into  the  south  field  pole.  In 
this  illustration  the  armature  is  revolving  at  a  slow  rate  of 
speed.  The  magnetic  lines  of  force  pass  in  straight  parallel  lines. 
The  figures  on  the  commutator  bars  represent  the  voltage  drop 
between  each  bar.  The  sum  of  these  voltage  drops  when  one- 
half  of  the  commutator  is  considered  will  equal  the  voltage 
between  the  main  brushes.  In  Fig.  150-a,  the  generator  is  producing 
8  volts.  Attention  is  called  to  the  fact  that  these  figures  are  not 
absolutely  accurate  figures  but  have  merely  been  selected  as  relative 
values  for  the  sake  of  illustrating  the  principle  of  third-brush  regu- 
lation. The  third  brush  in  Fig.  150-a  is  a  positive  brush;  in  other 
words,  the  current  collected  at  the  third  brush  has  a  voltage  equiva- 
lent to  the  figures  between  the  third  brush  and  the  negative  main 
brush  which,  in  this  case,  is  4  volts.  Let  us  assume,  for  the  sake  of 
illustration,  that  the  shunt  field  has  a  resistance  of  1  ohm.    We 
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Fig.  ir>l>-a.     Third- Brush  Generator 
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will  then  have  a  eurrent  flow  of  4  amperes   through   the  s 
winding. 

It  is  verj'  e\ndent  that  if  water  in  a  bucket  is  stirred  wi 
stick,  the  water  ^411  have  a  tendency  to  follow  the  stick  arc 
and  as  we  increase  the  speed  of  stirring,  the  movement  of  the  ^ 
will  also  be  increased.  This  is  also  true  of  magnetic  lines  of  f 
As  the  speed  of  the  armatiu*e  increases,  there  is  a  greater  tend 
for  the  magnetic  lines  of  force  to  be  twisted  out  of  shape  ar 
follow  the  movement  of  the  armature  than  to  pass  straight  a 
from  the  north  to  the  south  pole.  Fig.  150-b  shows  the  field  ^ 
the  armatiu*e  is  turning  at  a  high  rate  of  speed.  At  this  time 
magnetic  lines  of  force  are  not  distributed  evenly  at  all  poim 
the  field  but  have  a  tendency  to  pile  up  at  points  A  and  B.    Bes 

in  mind  that  the  greater  the  nui 
of  magnetic  lines  of  force  cut 
second,  the  greater  \^nll  be  the 
put  of  the  generator,  it  is  at 
noticed  that  the  output  of  the  ai 
ture  in  Fig.  150-b  would  be  much 
than  that  shown  in  Fig.  150-a. 
third  brush  is  now  bearing  on  a 
ment  which  has  the  same  relative  ] 
tion  but  the  voltage  drop  betweei 
commutator  bars  from  the  negs 
brush  to  the  third  brush  is  now  only  1  volt.  As  the  resistanc 
our  shunt  field  is  1  ohm  there  will  be  a  current  of  I  ampere  flo^ 
through  the  shunt  field  instead  of  4.  This  naturally  decrease:: 
field  strength,  and  the  number  of  lines  of  force  traveling  from 
north  to  the  south  field  is  greatly  reduced.  As  the  armatu 
traveling  at  a  higher  rate  of  speed,  it  will  still  be  cutting  the  5 
number  of  lines  of  force  per  second  and  the  output  of  the  genei 
will  be  practically  the  same  as  in  Fig.  150-a.  As  these  magi 
lines  of  force  are  twisted  out  of  shape,  the  drop  between  the 
varies  considerablv. 

Increasing  the  charging  rate  of  a  third-brush  generator  is 
easily  accomplished.     Referring  to  Fig.  150-b,  it  will  be  noted 
if  the  positive  third  brush  is  moved  in  the  direction  of  rota 
there  will  be  a  greater  voltage  between  this  brush  and  the  nega 


cirrour 
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nuun  brush.  As  thb  voltage  is  increased,  the  strength  of  the 
shunt  field  will  be  increased  and  the  output  of  the  generator  also 
increased.  If  the  output  is  to  be  reduced,  moving  the  third  brush 
in  the  opposite  direction  of  rotation  will  reduce  the  current  in  the 
shunt  field  and  the  output  accordingly. 

A  rather  novel  combination  of  regulation  has  recently  been 
placed  in  the  market  by  the  Delco  people,  one  of  the  tj'pical  installa- 
tions being  on  the  1921  Fierce-Arrow  cars.  This  regulation  consists 
of  a  combination  third-brush  generator  and  a  vibrating  regulator. 

The  connections  for  this  system  as  used  on  the  Fierce-Arrow 
car  are  shown  in  Fig.  150-c.  The  regulator  coil  of  this  system  is 
wound  with  sufficient  resistance  to  prevent  the  regulator  points 
from  being  opened  when  the  bat- 
tery is  discharged.  The  points 
then  remain  closed  constantly 
and  the  generator  acts  as  a  sim- 
ple third-brush  machine,  the 
output  being  controlled  only  by 
the  third  brush.  As  the  battery 
becomes  chained  and  approaches 
a  spedfic  gravity  of  approxi- 
mately 1250,  the  resistance  of 
the  battery  increases  and  more 
current  will  then  be  force<l 
through  the  voltage  coil  of  the 

regulator.  The  regulator  points  then  l>egin  to  vibrate,  throwing 
the  resistance  in  the  shunt  circuit  and  cutting  down  the  output. 

Referring  to  Fig,  ir>0-c,  the  voltage  coil  consists  mainly  of  an 
electromagnet  having  three  windings  and  a  set  of  contacts  wliich 
are  normally  closed.  The  voltage  coil  consists  of  a  large  numl)er 
of  turns  of  fine  copper  wire  connected  directly  across  the  main 
generator  circuit;  that  is,  in  parallel.  Another  coil,  a  reversed 
binding,  consists  of  a  large  number  of  turns  of  fine  wire  wound 
around  the  core  in  the  opposite  direction  to  the  voltage  winding. 
The  last  winding  is  a  noninductive  coil  having  half  the  turns 
wound  in  each  direction  around  the  core.  The  reverse  and  non- 
inductive  windings  are  in  parallel  with  the  contacts  and  add  resist- 
ance to  the  field  circuit  when  the  contacts  are  open.     This  prevents 
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the  generator  output  from  becoming  too  great  at  high  car  speeds. 
The  noninductive  winding  is  also  used  to  prevent  arcing  at  the 
contacts  or  regulator  points. 

PROTECTIVE  DEVICES 

Various  Forms.  When  fully  charged,  the  storage  battery  holds 
in  chemical  form  the  equivalent  of  two  or  more  horsepower,  i.e., 
40  to  160  amperes  at  6,  12,  or  24  volts,  according  to  the  system 
employed  and  the  capacity  of  the  battery  furnished.  To  guard 
against  damage  from  short  circuits,  various  forms  of  protective 
devices  are  employed,  and  the  different  systems  vary  as  much  in 
this  respect  as  they  do  in  others.  In  some  instances,  a  circuit 
breaker  is  depended  upon  to  take  care  of  all  the  circuits.  In  others, 
protection  is  afforded  by  the  employment  of  fuses. 

Automatic  Battery  Cut-Out  It  will  be  evident  that,  if  the 
storage  battery  were  at  all  times  in  direct  connection  with  the 
generator,  it  would  immediately  discharge  through  the  latter  as  soon 
as  the  driving  speed  fell  to  a  point  where  the  dynamo  was  no  longer 
producing  suflBcient  voltage  to  charge  the  battery.  If  the  generator 
were  free  to  run  instead  of  being  positively  connected  to  the  engine, 
it  would  become  "motorized''  and  operate  as  an  electric  motor  on 
the  battery  current.  As  it  is  so  connected,  the  battery  current 
would  simply  burn  out  its  windings,  owing  to  the  low  resistance  of 
the  latter  at  low  speeds.  Consequently  it  is  necessary  to  insert  an 
automatic  switch  in  the  circuit  in  order  to  connect  the  battery  with 
the  generator  when  the  speed  of  the  latter  reaches  a  certain  point, 
and  to  disconnect  it  as  soon  as  it  falls  below  that  value.  Such 
switches  are  termed  automatic  cut-outs  or  "reverse-current  relays." 
In  single-unit  systems,  such  as  the  Dyneto,  no  battery  cut-out  is 
employed.  A  single  hand-operated  switch  controls  both  the  ignition 
and  the  generator-battery  circuits,  so  that  this  switch  is  left  dosed  as 
long  as  the  engine  is  running.  Should  the  engine  stall,  the  battery 
current  automatically  "motorizes**  the  generator  and  re-starts  the 
engine.  With  such  systems  the  engine  must  not  idle  slowly  and  the 
starting  switch  must  not  be  left  closed  after  the  engine  has  stopped. 

Ward-Leonard  Type.  The  Ward-Leonard,  Fig.  149,  is  typical 
in  that  it  clearly  illustrates  the  principles  upon  which  most  of  these 
devices  are  based,  though  their  construction  varies  widely,  as  will  be 
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i-il  h\-  FiB-  153.  The  switch  mechanism  is  shown  at  the  left 
l-'ifl.   1-1!».     In  this  device  A  is  the  coil,  H  the  magnet  core,  C 

nuy\Mf  arm,  and  DD'  the  contacts.  The  dv-namo  generates 
ficiciit  voltage  at  a  car  speed  of  approximately  7  miles  per  hour  to 
ract  f  and  hold  it,  closing  the  battery  circuit  through  DD'. 

Circuit  Breaker.  Circuit  breaker,  as  employed  in  this  connec- 
n,  must  not  be  confused  with  "battery  cut-out."  The  cut-out  is 
■rally  a  circuit  breaker  and  is  referred  to  as  such  by  some  manu- 
turcrs  in  their  instructions,  but  in  electric  terminology,  as 
pl(>\-c<l  in  everjday  use,  the  circuit  breaker  and  the  cut-out  are 
irfl\-  <litTcrfnt  things.    A  circuit  breaker  is  designed  to  operate 
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ingly  larger  than  those  of  a  9-cell  or  a  12-cell  batterj'.  W 
there  are  a  few  adherents  of  the  higher  voltage  battery  re 
sented  by  the  systems  in  use  today,  the  majority  favor  the  6- 
standard. 

Variation  by  Manufacturers.  A  final  difference  to  be  note 
that  systems  of  totally  different  characteristics  are  turned  oul 
the  same  manufacturer.  Automobile  motors  are  still  a  long 
from  reaching  a  degree  of  standardization  that  permits  them  ti 
classified  according  to  horsepower,  dimensions,  number  of  c} 
ders,  or  any  other  easily  applied  standard  so  far  as  their  reqi 
ments  from  an  electrical  point  of  view  are  concerned.  The  mi 
facturer  of  electrical  apparatus  accordingly  designs  a  starting 
lighting  system  to  meet  the  requirements  of  a  certain  motor  an 
will  give  the  most  eflBcient  service  only  when  applied  to  that  ; 
ticular  motor.  This  accounts  for  the  major  part  of  the  great  \ 
ation  in  electrical  systems  that  exists  and  particularly  for  the  di 
ence  between  the  equipment  of  the  successive  models  of  the  & 
make  of  automobile.  For  that  reason,  it  must  never  be  conclu 
that  a  Delco,  a  Gray  &  Davis,  a  Bijur,  a  Wagner,  or  any  01 
starting  and  lighting  system  is  always  the  same  on  whatever  a 
mav  be  found.  Automobile  manufacturers  alter  the  characteristic 
their  motors  from  year  to  year,  and  the  manufacturer  of  electi 
apparatus  not  only  keeps  pace  with  this  by  redesigning  his  sys 
to  c'orrespond  but  also  introduces  various  improvements  sugge 
l\\  experience  and  the  development  of  the  art.  In  consequence 
would  be  manifestly  impossible  to  attempt  to  outline  in  detail 
features  of  every  starting  and  lighting  system  to  be  found  on 
the  cars  now  running,  thousands  of  which  are  three  to  &ve  y< 
old.  The  following  analysis  accordingly  covers  only  those  of  d 
recent  niauufacturc,  but  by  a  study  of  these  it  will  be^Eisy  to  bee 
familiar  with  the  general  characteristics  of  all,  and  to  note  at  a  gU 
whore  iniprovenicnts  have  been  made  from  year  to  year. 

STARTING  MOTORS 

Speaking  broadly,  there  are  three  classes  of  starting  dev 
worthy  of  mention,  viz,  the  mechanical  or  spring-actuated  devi- 
the  comi)resse(l  fluid  devices;  and  the  electrical  starters.  While  1 
employed  to  sonic  extent  abroad,  compressed  air  and  similar  devi 
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e  now  only  of  historical  interest  here  as  they  have  been  displaced 
most  entirely  by  the  electric  starter. 

Modern  Electric  Starting  System  Anticipated  Sixteen  Years. 
[though  it  has  only  come  into  general  use  within  the  last  few  years, 
le  possibilities  of  the  electric  starter  on  the  automobile  were  fore- 
en  at  an  early  day.  Those  to  whom  it  has  appeared  as  a  novel 
;velopment  of  very  recent  adoption  will  doubtless  be  surprised  to 
am  that  a  car  embodying  many  of  the  features  of  present-day 
ectrical  systems  was  built  in  1896.  Indeed,  the  following  descrip- 
Dn  of  it  might  well  apply  to  the  present  U.S.L.  system,  which 
nploys  the  flywheel  type  of  dynamotor.  The  machine  in  questioa 
Ks  a  Diebl  specially  wound  Gramme-ring  type  designed  to  operate 
.  12  volts.  The  armature,  which  weighed  111  pounds,  served  as 
e  AjTi-heel  of  a  two-cylinder  horizontal  opposed  Q-  by  7-inch 
otor.    The  system  was  described  as  follows: 

"The  flywheel  is  constructed  as  a  dynamo,  which  by  rotarj- 
Ttion  charges  a  storage  battery  carried  in  the  vehicle.  At  the  time 
starting  the  carriage,  the  motorman  turns  a  switch  which  dis- 
arges  the  storage  battery  through  the  dj-namo,  converting  it  for 
few  seconds  into  a  motor,  which,  being  upon  the  main  crankshaft, 
k-es  rotation  and  does  away  with  the  necessity  of  starting  the  fly- 
leel  by  band.  After  the  motor  gives  the  crankshaft  a  few  turns, 
e  cj-linders  take  up  their  work  and  the  battery  is  disconnected 
XD  the  d^'namo,  which  then  acts  as  a  fljwheel. 
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practice  in  all  the  essential  points  mentioned.  In  addition,  the 
machine  in  question  was  provided  with  a  magnetic  clutch  which 
automatically  connected  and  disconnected  the  engine  every  time 
the  gear-shifting  lever  was  moved,  thus  anticipating  the  present-day 
electromagnetically  operated  gearbox. 

Requirements  in  Design.  The  conditions  in  applying  an 
electric  starting  motor  to  the  gasoline  engine  bear  no  relation  what- 
ever to  those  of  the  lighting  dynamo,  so  that  the  problem  is  not,  as 
might  be  supposed,  merely  a  question  of  reversing  the  functions  of  a 
single  unit  of  the  same  characteristics.  Practically  the  only  require- 
ments of  the  dynamo  that  differ  from  standard  practice  in  other 
fields  are  that  it  shall  commence  to  generate  at  a  comparatively  low 
(car)  speed  and  that  its  output  shall  not  exceed  a  safe  limit  no  matter 
flow  high  the  speed  at  which  it  is  turned  over.  The  problem  of  the 
stiirting  motor,  on  the  other  hand,  involves  conditions  which  have 
not  had  to  be  met  in  the  application  of  electric  motors  to  other 
forms  of  service.  For  example,  a  very  high  torque  must  be  devel- 
oped to  overcome  the  inertia  of  the  load,  and  the  latter  takes 
the  form  of  intermittent  rather  than  of  steady  resistance  to  the 
driving  effort,  owing  to  the  alternate  compression  and  expan- 
sion in  the  motor  cylinders.  The  trolley  car  might  be  cited  as 
a  parallel  to  the  hea\'y  starting  torque  required,  but  the  intermit- 
tent load,  as  well  as  the  highly  important  limitations  of  weight, 
restricted  current  supply,  voltage,  and  space  considerations,  are 
entirely  lacking. 

In  the  last  anahsis,  the  electric  starter  is  nothing  more  nor  less 
than  a  storage-battery  starter,  since  most  of  its  limitations  are 
centered  in  that  most  important  essential.  The  matters  of  driving 
mechanism,  starting  speed,  and  other  equally  important  details  can 
all  be  based  on  what  is  either  accepted  practice  of  long  standing  in 
other  fields,  or  on  the  knowledge  of  starting  requirements  gained  in 
the  years  of  experience  in  applying  manual  effort  to  that  end,  but  the 
storage  battery  will  always  constitute  the  chief  limiting  factor. 
This  should  be  borne  in  mind  in  considering  the  forms  that  v':riou< 
sohitions  of  the  problem  have  taken,  and,  above  all,  it  juust  be 
given  first  consideration  in  the  successful  maintenana"  ot  any  elec- 
tric starting  system,  as  the  majority  of  troubles  met  with  have  their 
origin  in  the  neglect  ot  the  battery. 
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Wide  Variation  in  Starting  Speeds.  In  view  of  the  long  experi- 
ence in  hand-cranking  the  motor,  it  would  seem  that  a  definite  basis 
for  the  starting  speetl  would  be  an  easy  thing  to  establish,  but  this 
has  not  l>een  the  case.  If  "motor"  briefly  summed  up  in  one  word 
ftll  of  the  varying  characteristics  to  be  found  in  the  great  variety  of 
engine  designs  to  which  starters  must  be  applied,  this  might  have 
been  easier  of  accomplishment.  What  suffices  to  start  one  make  b, 
however,  frequently  found  to  be  totally  inadequate  for  others  of 
apparently  identical  characteristics,  so  that  in  the  different  makes  of 
starters  this  essential  is  found  to  range  all  the  way  from  25  r.p.m. 
to  20()  r.p.m.  or  over.  The  necessary  speed  is  largely  influenced  by 
the  carlmretion,  as  with  the  stand-by  battery  ignition  almost  univer- 
salij-  pnividetl,  dependence  need  not  be  placed  on  the  magneto  to 
start;  but  toilraw  a  mixture  from^the  carbureter  of  a  cold  engine 
calls  for  spoe<ls  in  excess  of  the  lower  limit  of  the  range  given.  The 
iruist  s«'vere  si-rvice  demanded  of  the  starter  and  the  time  when  it  is 
most  nw<lfd  arc  coincident,  i.e.,  in  winter  use,  and  the  equipment 
must  naturally  be  designed  to  meet  successfully  the  most  unfavor- 
able conditions.  Even  with  starting  speeds  of  100  r.p.m.  or  over, 
it  has  been  found  impossible  to  start  some  motors  without  resort  to 
priming.  Sf)me  idea  of  the  great  variation  in  the  speeds  adopted 
will  be  evident  from  the  fact  that  the  North  East  starter,  as  originally 
Imilt,  was  designed  to  turn  the  Marmon  six-cylinder  motor  over  at 
only  2.)  r.p.m.;  the  Hartford  on  a  similar  motor  at  70  r.p.m.;  the 
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Voltage.  When  an  engine  has  been  standing  idle  for  some  time 
at  a  temperature  well  below  the  freezing  point,  the  lubricating  oil 
becomes  extremely  viscous  and  the  current  required  for  starting  at 
a  low  voltage  is  very  high.  The  6-volt  standard  inherited  fxx)m 
dry-cell-ignition  days  accordingly  appeared  to  be  entirely  too  low 
at  the  outset,  and  several  systems  employing  12-  and  24-volt  bat- 
teries were  developed.  The  higher  eflBciency  of  the  latter  in  start- 
ing is  opposed  by  certain  disadvantages  inherent  in  this  type  of 
installation.  Experience  has  sho^Ti,  however,  that  with  proper 
installation  and  maintenance  the  6-volt  system  affords  advan- 
tages which  more  than 
offset  any  increase  of 
efficiency  derived  from 
the  use  of  a  higher 
voltage,  and  the  majority 
of  well-known  starting 
systems  are  now  designed 
to  operate  on  a  potential 
of  0  volts. 

Motor  Windings  and 
Poles.  The  necessity  for 
developing  a  powerful 
torque  at  low  speeds 
naturallv  calls  for  a 
scrics-wouiul  motor,  such 
as  is  employed  in  street- 
railwav  and  electric- 
automobile  service,  and  all  starting  motors  are  of  this  type.  Motors 
built  to  operate  at  such  a  low  voltage  being  new  to  the  electrical 
(lesi^iuT  there  is  more  variation  in  the  form  and  size  of  starting  motors 
than  exists  in  power  units  running  on  current  at  commercial  voltages. 

Sfdudard  Dcs-igiu't,  Briefly  stated,  the  electrical  requirements 
(lemaiul  a  concentrated  and  correctly  proportioned  mass  of  iron 
and  copper  in  the  minimum  space.  The  cross-sections,  Fig.  154, 
show  how  these  re(iuirenients  have  been  met  in  various  instances. 
As  the  motor  is  only  required  to  operate  for  very  short  periods,  both 
the  conductors  and  insulation  can  be  kept  down  in  size  as  compared 
with  a  motor  designed  to  run  constantly  under  heavy  load. 


Fig.  154.    Cross-Sections  Tsrpical  Electrie  SUrtinc  Mot.ir 
Courtetu  Tht  AtUomcbiU,  Ntm  York  Citw 
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Cotmnercial  Forms.  The  problem  is  to  provide  for  a  certain 
mber  of  ampere  turns  around  tlie  poles  and  a  magnetic  circuit 
t) ugh  the  latter,  as  well  as  steel  housing  or  frame  of  sufBcient  cross- 
tion  to  cany  the  required  degree  of  magnetization  with  the 


artest  magnetic  circuit.  Consequently,  shallow  windings  with 
ig  fiat  pole  pieces  are  more  efficient  than  the  reverse  of  this  form, 
rticularly  as  air  space  in  the  magnetic  field  lessens  its  intensity 
d  calls  for  a  heavier  winding  to  magnetize  the  extra  weight  of 
;tal  to  tlie  same  degree.  Hence,  the  tj-pe  represented  by  B, 
g.  154,  b  the  most  efficient,  in  theory  at  least,  of  the  four  forms 
iistrated. 

Whether  the  windings  be  placed  on  two  poles  or  on  four  poles  is 
metbing  that  each  designer  decides  according  to  his  own  prefer- 
ce  in  the  matter.    The  Bosch-Rushmore  starting  motor,  Fig,  15.'), 
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unwound  pole  pieces  at  tlie  sides  do  not  show  ver>'  clearly  in  llie 
illustration;  they  are  of  substantially  the  same  form.  thoufrhfLii- 


siilvnilily  wider  than  those  illustrated  iu  the  section  in  qucjiiuii.  , 
For  a  more  restriote<l  space  a  straight  rectangidar  bipolar  tyj>f  i- 
niacie.  Fig.  157.  Fnmi 
the  stiindpoint  of 
■tlrical  cflit'i('nc\' 
ami  s|jacc  consider- 
atiiiiis,  practicx'  favors 
tlic  <'\liiiilrical  rathiT 
tliiiii  till-  rectangular 


iftli  gear  ratio  to  clVcct  the  nwi-s- 
ntiiig  of  the  starting  motor  id  totally 


ELECTRICAL  EQUIPMENT 


293 


nt  from  that  of  the  lighting  dynamo.  The  electric  motot 
t  ISOO  to  3000  r.p.m.  or  over,  according  to  its  design,  while,  as 
y  mentioned,  the  en^ne  starting  speeds  usually  average  80  to 
p,m.  The  great  speed  reduction  required  is  effected  in  the 
ity  of  instances  by  utilizing  the  flywheel  as  the  driven  gear,  a 
>eing  bolted  to  it,  as  shown  in  Fig.  158,  which  illustrates  the 
ation  of  a  \Vagner  starter  to  the  Muline-Knight  50  horsepower 
ylinder  motor.  Or  the  gear  teeth  may  be  cut  directly  in  the 
lery  of  the  AjTi-heel  itself,  as  shown  by  the  Delco  single-unit 
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the  pinion  driving  direct.  In  view  of  the  large  reduction  available 
.  in  a  planetary  gear,  a  starting  motor  of  this  tj-pe  may  be  employed  to 
drive  through  a  camshaft  or 
similar  location.  Planetary 
gears  are  also  utilized  on  some 
of  the  single-unit  systems, 
such  as  the  Northeast,  the 
gear  ratio  used  being  some-  ' 
tiling  like  40  to  1  when  the 
dynamotor  is  used  for  start- 
ing and   1  to  IJ  or  2  when 

running  as  a  generator,  Fig.  r,.  ,bo.   ti«iu«n.  G«.riM  At.«h«i  k. 

1G2.    Silent  chains  are  made  w»rd.i«.n«JauraM  Mo.« 

use  of  in  some  cases,  but  this  is  done  more  frequently  where  a  start- 
ing and  lighting  system  is  applied  to  an  old  car  rather  than  to  one 
for  which  it  has  been  es- 
pecially designed.  Where 
the  starting  motor  is  of  a 
comparatively  low-speed 
tj-pe,  the  single  reduc- 
tion between  the  motor 
pinion  and  the  fl)-wheel 
suffices.  Fig.  163  shows 
a  Ward-Leonard  starting 
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motor  designed  for  direct  engagement  with  the  flj-wheel  gear.  Tlie 
purpose  of  the  spring  shown  on  the  end  of  the  shaft  is  to  take  up 
tlie  shock  when  the  power  is  applied  to  the  starter,  as  explained  in 
a  following  section. 

Driviof  Connections.  Except  in  the  case  of  the  single-unit  type, 
whid)  is  in  a  permanent  driving  relation  with  the  engine,  it  is  neces- 
sary to  provide  some  form  of 
driving  connection  with  the 
engine  in  order  that  the  elec- 
tric motor  may  turn  it  over 
to  start,  and  release  it  the 
moment  the  engine  fires.  The 
method  of  accomplishing  this 
is  made  clear  by  a  brief  studj' 
of  Fig.  164,  which  shows  an 
Ch-erland  four-cylinder  motor 
with  an  Auto-Lite  two-unit  3>-stem,  the  starting  motor  only  being 
shown.  In  this  installation  the  control  button  or  starting  pedal 
series  both  to  connect  the  motor  with  the  battery  and  to  engage 
the  driving  pinion  with  the  toothed  ring  of  the  flj-wheel.  Typical 
examples  of  thiu  form  of  control  are  found  on  the  Locomobile  and 
Peerless,  which  differ 
'iiily  sligtitiy  in  detail  in 
llieir  raethfHls  of  install- 
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■  ever  rapidly.  ReleasitiR  tht-  pi'dul  tiutomaticully  opens  the  swrtch 
mntut'ts  Riid  dist'iiiinitei'  ihe  starting  motor  fmra  the  (lywb«4.  It 
T  b  nlso  frequently  made  in  tlic  foriii  of  a  [xtliil  ami  plnn^i!  on  the  sliipr 
f  of  (lie  fiiothoanlj*  under  the  rowl  of  the  diL-fh,  the  location  in  any  mr 
]  must  be  out  of  tlir  way  of  the  other  controls. 

Automatic    Engagement.    A  uia-Lile    Tt/jie.    In    Fig.    165  a 
I   illustraleil  n  sturlt-r  nhich  eliminutea  the  necetwity  of  mPchanicsBf 
[  rnKiiKiuK  the  startinjr  pinion  with  the  flywheel  Bear.    The  AmuDire. 
sliaft  ia  extended  mid  a  sleeve  hft\iiig  spinii-eut  threadii  on  its 
outer  snrfarp  is  plared  over  this  armature  shaft.    Ooe  end  of  ■  vA 
i«prinK  in  fuatened  to  tfak 
sleeve  and  ilie  oth*'T  end 
of  this  sprJDjt  is  fastened 
the   artuaturr  stuff 
1'he  dfiWni;  pinioD  hx-s  a 
•x'unli-rwtri^it    on    dim: 
>ide  and  spiml  tkmub 
iiLside  to  6t  the  siteve, 
Wlieo  the  stnrttllK  but> 
ton  is  depreiisetl,  a  dirMt 
(Hrcuii.  Iia\-ing  no  ica^ 
tanee  Jascnctt.  ts  cnnf 
plcled.  mtutt^  ihe  ar- 
mature to  rr\-u]ve  at  ■ 
higli  rate  ftf  speed.    .\s< 
the  driving  pininn  is  nmnterweifthted,  it  turtu  hut   little  and  it 
,  threaded  into  mesh  with  the  teeth  «n  the  fl>-»'hc<J.    When  tt 
piniuit  is  in  full  mesh  with  ihe  flv-wbee)  pnr.  the  tuminf  torque 
tmnMititted  through  the  spring,  stee\e.  uttd  pinina  to  the  flpKbcdJ 
When  tlie  engine  starts  umier  it*  own  ponrr.  the  tncmued  «pee4 
of  the  fl.\-wt)eel  threads  the  pinion  out  of  me^  inth  the  fl\-irhed 
gear.    This  is  known  as  the  Itendix  lirive  and  i«  uo«  u:«d  by  otw, 

IWi  (wr  cent  of  the  mannfairtiiirr^ 
/^Kri-ZfiMiniore  Type.  .\t>otber  focm  of  aotomatic  cngigB^ 
tnent,  which  b  eleetricaily  operated  in  this  tn»taJOcr.  a  that  of 
BoM-h-Ro^iniiirt-  starter.  Uv'  n-ferring  bark  u%  Fig,  153,  vfaitK 
shows  a  seetitm  of  this  starting  motor,  tt  will  lie  noted  that 
hnvy  spring  on  the  left-hand  end  of  the  nrmaliur  ahaft 
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the  armature  itself  is  normally  held  out  of  its  usual  running  position 
by  this  spring.  In  other  words,  it  is  not  centered  in  the  armature 
tunnd  butia  two  inches  or  more  to  the  right  of  the  center  of  tlie 
magnetic  field.  This  is  just  sufficient  to  keep  the  pinion  out  of 
mesh  when  the  motor  is  installed,  as  shown  in  Fig.  166.  The  first 
contact  of  the  starting  switch  sends  sufficient  current  for  the  field 
poles  to  exert  enough  magnetic  drag  on  the  armature  to  draw  it 
back  into  its  normal  centered  position,  at  the  same  time  turning  it 
over  slowly,  so  that  engagement  is  quickly  effected  automatically. 
The  moment  the  current  is  shut  off,  the  spring  pushes  the  armature 
.  back  and  disengages  the  pinion.  Exceptions  to  the  practice  reflected 
by  the  foregoing  examples  are  to  be  found  on  cars  like  tlie  Rco,  in 


which  the  Remy  starting  motor  is  mounted  on  the  transmission  hous- 
ing and  drives  to  one  of  its  shafts  througli  ii  worm  and  worm  wheel. 
The  latter  lowers  the  speeil  sufficiently  tlmiugh  a  single  reductlon.sind 
the  revolution  of  the  armature  in  starting  picks  up  a  clutch  which 
automatically  releases  as  soon  as  the  engine  .■starts. 

Clutehes.  Necessity  for  Disengaging  Detlcc.  To  prevent  the 
gasoline  engine  from  driving  the  starting  motor  when  the  former 
takes  up  its  cycle,  some  form  of  over-running  clutch  must  be  provided 
unless  the  starter  is  geare<l  direotl\-  to  the  crankshaft  or  has  a  mecliani- 
cal  disengaging  device,  such  iis  the  IJcndix  or  electrical,  as  the  IJosch- 
Rushmore  and  "Westlnghouse.  To  take  care  of  the  speed  redurt,\ou, 
assume  that  this  gear  ratio  is  .W  to  I  and  that  the  throttle  ia\iaVt  open 
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when  tlic  engine  is  being  cranked.  As  soon  as  the  explosions  begin  tu 
take  place,  tlie  engine  will  shortly  speed  up  to  about  5O0  r.p.in. 
Before  the  gasoline  engine  is  started,  however,  the  electric  motor  will  tte 
nmning  pretty  near  its  maximnra  rate,  say  !MHK)  r.p.m.  An  electric 
motor  of  this  type  will  run  as  high  as  oDOO  r.p.m.  safely,  but  speeds  in 
excess  of  tins  are  liable  to  damage  it.  If  the  throttle  of  the  eiipiu- 
should  happen  to  be  three-quarters  of  the  way  open  when  starte<]  unit 
it  sliciuld  si>eed  up  to  1000  r.p.m.  before  the  starting  motor  was  ilist-n- 
gagcd,  tlie  armature  shaft  of  the  latter  wouUl  attain  a  si>eed  r>f  I."i,i)tMi 
r.p.m.,  which  is  far  beyond  the  .safety  limit.  Thi.s  makes  it  necessary 
to  provide  some  device  which,  while  permitting  the  starting  nintor 
to  drive  the  engine,  will 
prevent  the  latter  from 
driving  the  starting 
motor  as  soon  as  the 
funner  takes  up  Its  regu- 
lar cjclc, 

A  number  of  differ- 
ent de\ices  are  enipl(>,\'ed 
for  this  jmrixise,  such  as 
the  jaw  clutch  similar  to 
thiit  employed  on  all 
Iiiuidcranks,  roller  clutch, 
friction  clutch.  |)awl  and 
nitclict,  inertia  clutch, 
worm  and  wiirm  wheel, 
and  others.  A  description 
of  one  or  two  ty]n-s  will  suffice  to  make  clear  the  principle  on  which 
moit  iif  llic  inccluuiical  devices  are  based.  The  roller  clutch and.t he 
ovcr-niiininn  jaw  ilulch  are  most  frequently  used.  With  starters  of 
the  <l(-;it:n  of  the  I'.S.I,.,  shown  on  a  Sheffield-Simplex  (British)  six- 
cylinder  inutor  in  Kij;.  Ili7,  it  is  obviously  unnecessary  to  provide 
iiny  fcrni  fif  Hcxililc  (■oui>liiic,  as  the  armature  is  mounted  directly  on 
tliccraiiksliiil't  and  con.-.c<iiicntly<iinnotexcee<l  the  speed  of  the  latter. 

Where  tin-  rijink-^hafr  is  dri\cn  direct  through  a  trahi  of  gear> 
or  a  ciindtinaiion  uf  ir.ar-^  and  a  silent  chain,  the  clutch  is  usualK 
phnvd  lictwi-cri  the  la.-i  i:iar  i^f  the  train  and  the  crankshaft.  None 
of  the  gciirs    i-s  ihcri   in  ujnTati.tri   except  when   .-itartiug.     On  the 
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flj-wheel-gcar  tj-pe  of  installation  used  in  connection  with  a  second- 
pear  rwiuction  by  means  of  a  countershaft,  Fig.  158,  the  clutch 
is  placed  on  the  countershaft.     Otherwise,  it  is  mounted  on  the  arma- 

^^ --^^  tureshaft.     In  the  case  of  a  worm 

"\      '     and  worm-wheel  drive,  it  is  incor- 
porated in  the  worm  wheel. 

Boiler  Type.  The  roller  type 
is  the  most  commonly  used  and, 
I  as  the  various  forms  in  which  it  is 
I  made  differ  but  little,  a  descrip- 
tion of  one  will  suffice  to  make 
clear  the  principle  employed.    It 
consists  of  an  inner  driving  mem- 
ber and  an  outer  driven  member, 
connected  by  a  number  of  rollers 
when    the    driving    member    is 
rotated  in  one  direction  and  dis- 
^  R2i»iiSr°nuu'b\flSlifc«'*3lJri '*"'"    connected  when  it  is  rotated  in 
the  opposite  direction,  i.e.,  when 
the  driven  member  tends  to  run  faster  than  the  driver.    Fig.  168 
^towa  the  double-roller  over-running  clutch  employed  on  the  North 
East  dynamotor.  A  double  clutch 
mployed  in  this  case  to  permit 
the  dynamotor  to  lie  driven 


300 


ELECTRICAL  EQUIPMENT 


BOfei 


SloHing 


M"-^MA> 


flywheel 


Sloriing 


Return  Spring 


a  back-kick  release  arc  found  in  practice.  One  of  tliese  on  the 
Northeast  starter  is  in  the  form  of  a  friction  chitch  held  in  contact 
by  springs.  This  clutch  will  slip  under  such  circumstances.  A  fric- 
tion disc  clamped  between 
two  steel  discs,  similar  to  a 
shock  absorber,  is  employed 
on  the  Hartford  starter,  this 
being  required  because  of  the 
irreversible  worm  and  worm- 
w^heel  drive  used,  as  the  teeth 
of  the  latter  would  be  injured 
in  case  the  engine  "back- 
kicked".  Another  device  em- 
ploys a  brake  band  on  the 
starting  gears  so  designed 
that  it  holds  in  one  direction 
only. 

Switches.  Two  t>T)es  of 
switches  are  employed  in 
connection  with  starting  and 
lighting  systems — those  de- 
signed to  control  the  lighting 
circuits  to  the  various  lamps, 
and  those  employed  to  con- 
nect the  battery  with  the 
starting  motor.     As  the  first  Baiieru 

type  seldom  carries  more  ^  ^ 
than  5  amperes  at  6  volts  ( 
and  proportionately  less  at 
higher  voltage,  it  does  not 
differ  from  the  standard 
forms  of  switches  employed 
for    house    lighting,    except 

that  it  is  made  much  smaller    Fk.  170      Diagramj  of  EloctnVal  and  Mechanical 

Connectione  of    Motor   and  Switcli   for  Flywheel 
in  size.      The  starting  switch,       ^"^'^  ^'^^^  Doublo^^car  Reduction  {}\t^i,i^h^*€) 

on  the  other  hand,  has  to  carry  currents  ranging  from  50  to  250 

amperes  or  more  at  voltages  varying  from  6  to  24,  so  that  such  a 

switch  must  be  well  built  mechanicallv  and  have  liberal  contact 
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■as.  On  act^ount  of  the  heavy  currents  handled  by  these  switches 
t-rt-  Ls  a  len<leney  to  destnirtive  ardng  at  the  contact  points  unless 
"vUion  is  made  to  prevent  it. 

WestinghouM  Starting  Suiieh.    For  starting  use,  two  fonns  of 

itches  are  employed  acconling  to  the  method  by  which  the  motor 
irt=  the  engine.  Where  the  motor  is  connected  directly  to  the  bat- 
r;.  terminals  by  the  switch,  as  in  the  case  of  single-unit  systems  such 

the  I)elc<i,  only  a  single  set  of  contacts  is  necessarj-;  but  in  case 
ar?  must  l^ie  engaged  before  the  starting  motor  can  take  the  full 
itt(-r\-  current,  two  progressively  operated  sets  of  contacts  are  used. 
■.*■  fir>i  sc-t  completes  the  circuit  through  a  heavy  resistance  to  turn 
f  -tarting  motor  over  ver>'  slowly,  and  the  second  set  cuts  out  this 
-i-tance,  the  driving  gears  then  being  engaged.  The  operation 
a  switch  of  this  type  is  graphically  illustrated  by  a  series  of  sketches, 
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the  driver  when  leaving  the  car  to  prevent  tampering,  a  pin  across 
the  tube  making  it  impossible  to  insert  a  pencil  or  stick.  The  resist- 
ance mentioned  is  in  the  fonn  of 
a  ribbon  and  is  incorporated  in 
the  switch. 

Miscellaneous  Starting 
Switches.  The  type  of  switch 
used  in  connection  with  the  Remy 
system  is  shown  in  Fig.  172. 
Both  this  and  the  Weatinghouse 
switch  described  are  known  as 
butt-contact  switches.  The  knife 
tjpe  of  switch  is  a)30  employed  in 
several  systems,  Fig.  173  showing 
the  Dean  switch  of  this  class.  A 
somewhat  unique  form  of  contact 
is  shown  in  the  Gray  and  Davis 
switch,  Fig.  174.  Therebeingno 
starting  gears  to  mesh,  it  is  only 
necessary  to  turn  the  current 
directly  from  the  battery  into  the  "''"■  '"    ^'"*'  ^""^  ^"'^'' 

motor  to  start.  P  is  the  foot  button  of  the  starter,  F  the  floorboard 
of  the  car,  and  T  and  M  the  terminals  of  the  switch  from  which  cables 
are  led  to  one  side  of  the  battery  and  to  one  of  the  motor  brushes,  the 
others  being  grounded,  as  this  is  a  single-wire  system.    Into  the  cast 


Fin.  173.     Dfan  Knifd  atartin*  Switch 

receptacle  of  the  switch  is  fitted  an  insulating  disc  carrying  the  con- 
tacts C  and  0  and  also  serving  to  insulate  the  terminals.  These  con- 
tacts are  circular  in  form,  and  their  free  ends  are  turned  away  from 
each  other  so  as  to  slip  down  over  the  knives  R  and  S  set  in  the  insu- 
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Uted  disc.  The  contacts  are  pressed  downward  by  P,  which  is 
returned  by  the  spring  G  pressing  against  the  spindle  P.  The  termi- 
nals T  and  M  are  fastened  to  the  semidrcular  knives  it  and  S,  respect- 
ively,  so  that  brinpng  down  the  contacts  C  and  0  upon  these  knives 


Fit.  174.     Gny 


completes  the  circuit  from  T  to  M.  Se\'eral  other  forms  of  foot- 
operated  switches  are  also  employed,  the  Gray  and  Davis  laminated 
contact  switch,  Fig.  175,  for  flj-wheel-gear  installations,  and  the  Ward- 
Leonard  "harpoon"  type,  Fig.  176;  these  are  seldom  used  today. 


Electrically  Operated  Svntches.  In  this  t>-pe  a  conventional 
push-button  switch,  either  on  the  dash  or  mounted  on  the  steering 
column,  as  shown  in  Figs.  177  and  178,  which  illustrate  the  Packard 
and  Overland  control,  respectively,  takes  the  place  of  the  foot  button. 
This  push-button  switch,  however,  only  handles  a  shunt  current  ot 
low  value,  which  energizes  a  solenoid  to  close  the  contacts  of  tiivetnaiw 
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there  this  is  necessary     The 
snitch  n  explained  in  detail 


switch  and  also  to  engage  the  gears 
Westinghouse  magnetically  operated 
in  connection  with  the  description 
of  that  system.  This  form  of 
control  is  employed  on  electric- 
railway  trains  and  on  electric 
automobiles.  In  addition  to 
housing  the  push-button  switch 
of  the  starting  sjstem,  the  two 
steering  column  control  units 
mentioned  also  Int'orporate  all  the 
switches  necessary  to  control  the 
entire  electrical  equipment  of  the 
car.  as  will  be  noted  by  the  indi- 
cations alongside  the  various  but- 
tons on  the  Ch'erland  controller. 
A  complete  wiring  diagram  of 
the  Packard  six-cylinder  con- 
troller is  shown  in  Fig.  144. 

Where  a  higher  potential 
than  the  usual  G-volt  standard  is 
employed,  the  switch  has  another 
function,  which  is  that  of  chang- 
ing the  battery  connections  from  the  multiple  arrangement  used  for 
lighting  to  the  scries  coniifction  ncccs.«iry  to  send  the  full  voltage  and 
current  of  the  batterj- 
through  the  starting 
motor.  This  is  the  esse 
with  the  U.S.L.  system, 
which  is  made  in  either 
1 1>— 6-volt  or  24— 12-volt 
forms. 

Fuses.  Standard 
]>ractice  favors  the  em- 
ployment of  fuses  on 
nil  the  lighting  circuits 
to  protect  the  battery 
Fig.  177.    Pafknni  Kipctricii  Control  in  casc  of  short-circuits 
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In  any  of  the  wiring.  They  were  originally  consiflcretl  unnecessary 
on  two-wire  systems,  but  have  since  been  adopte«)  on  tlie  lutter  as  well 
as  on  the  single-wire  system.  Such  fuses  are  of  the  cartridge  tjpe 
of  miniature  size,  as  shown  in  Fig.  179,  which  represents  a  Westing- 
house  fuse  block,  and  do  not 
produce  a  flash  when  they 
blow,  which  is  a  safety  fea- 
ture of  importance  in  the 
presence  of  gasoline.  The 
appearance  of  a  black  spot 
on  the  lal>el  indicates  that 
the  fuse  lias  burned  out,  or 
these  fuses  may  \x  liad  in 
glass  tubes  through  which 
the  fuse  wire  is  visible. 

Fig.  I7S.    OverUsiJ  lOcctriul  Control  ,       >       ■,  •■ 

A  double  readnig  am- 
meter, mounted  on  the  dash  and  iliuminatetl  at  night  by  a  hoode^l 
lamp,  shows  whether  current  is  being  sent  into  the  battery  or  being 
taken  out  of  it,  the  needle  usually  moving  over  a  scale  to  the  right 
of  the  neutral  line  for  charging  and  to  tlie  left  for  discharging.  Fig. 
180.  This  dash  lamp  is  usually  connected  in  series  with  the  tail  lamp, 
so  that  when  it  goes  out  it  is  an 
indication  that  the  tail  lamp  is 
out  as  well.  A  voltmeter  some- 
times is  provided  to  indicate  the 
condition  of  the  battery.  In  tlie 
Hosch  system,  this  is  combined 
with  the  lighting  switches,  as 
shown  in  Fig,  181. 

In  some  systems,  an  indi- 
cator is  employed  instead  of  an 
ammeter,  a  movable  target  ap- 
pearing at  a  small  opening  In  the 
instrument  and  simply  reading 
"Off"  and  "On"  or  "Charge"  and  "Discharge".  Such  an  instrument 
need  not  be  so  accurate  as  an  ammeter  and  is  more  durable.  These 
indicators  never  came  into  general  use,  however,  and  will  be  found 
on  comparatively  few  cars,  usually  models  of  two  or  three  ycats  a^tp- 
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Electric  Horns.  The  use  of  a  storage  battery  which  is  of  suffi- 
cient capacity  for  starting  purposes  and  which  is  kept  constantly 
charged  by  the  hghting  generator  has  made  it  possible  to  employ 
numerous  auxiliary  electrical  devices.  The  electrical  horn  is  the 
chief  of  these,  and  it  has  to  a  very  hirge 
extent  displaced  warning  devices  of 
every  other  class.  Two  different  types 
of  electric  horns  are  used,  in  both  of 
which  the  sound  is  produced  by  the 
vibrations  of  a  sheet-metal  diaphragm 
several  inches  in  diameter.  The  only 
difference  between  the  two  forms  lies  in 
the  method  of  causing  this  diaphragm 
to  vibrate,  one  employing  a  small  elec-  fu-  iso-   G™y  "»<i  !»•»•• 

trie  motor  and  the  other  a  simple  electric 

magnet.  Fig.  182,  which  is  a  phantom  view  of  the  offerating 
mechanism  of  a  Klaxon  horn,  shows  the  first  type.  On  the  upper 
end  of  the  armature  shaft  of  the  electric  motor  b  fastened  a 
toothed  wheel  which   strikes   the   button  in  the  center  of  the  dia- 


phragm and  sets  it  vibrating  at  the  rate  of  several  thousand 
times  per  minute,  giving  rise  to  the  raucous  squawk  which  has  come 
to  be  identified  witli  automobile  warning  signals.  As  shown  in 
Fig.  183,  which  illustrates  a  section  of  the  Apollo  horn,  this  type  is 
nothing  more  nor  less  than  an  ordinary  buzzer  on  an  enlarged  scale. 
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The  armature  of  the  electromagnet  vibrates  at  high  speed  produc- 
ing a  sound  by  taps  on  the  rod  attached  to  the  diaphragm. 

Care  of  the  Electric  Horn.  As  the  operation  of  the  electric  horn 
b  based  upon  exactly  the  same  principles  as  the  essentials  of  the  start- 
ing and  lighting  systems,  the  instructions  given  for  the  care  and  adjust- 
ment of  the  latter  will  apply  to  it  as  well.  In  the  case  of  the  motor- 
driven  tj-pe  of  horn,  the  commutator  and  brushes  of  the  motor  will 
require  attention  from  time  to  time.  Failure  to  operate  may  be  due 
to  a  broken  connection  at  the  horn  or  at  the  batterj';  ground  in  the 
circuit  between  it  and  the  battery;  brushes  not  bearing  properly  on 
the  commutator;  or  an  excess  of  oil  and  dirt  on  the  latter.  If  the 
motor  runs  properly,  but  the  horn  produces  either  no  sound  or  a  very 
weak  sound,  the  trouble  will  be  due  to  the  poor  contact  of  the  toothed 
wheel  with  the  button  on  the  diaphragm.     This  button  is  made 
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For  automobile  headlights,  side  lamps,  tail  lamps,  and  general 
illumination,  electric  lighting  has  superseded  all  other  systems.  In 
the  best  electric-lighting  systems  the  current  is  supplied  by  a  djTiamo 
driven  constantly  by  the  engine,  with  a  storage  battery  auxiliary. 

Incandescent  Lamps.  Tungsten  and  Other  Filamenta.  Incan- 
descent lamps  are  usually  provided  with  tungsten  filaments.  These 
filaments  are  much  shorter  and  much  stronger  than  in  standani 
lamps,  a  condition  that  is  further  contributed  to  by  the  necessities 
of  low  voltage  and  high  amperage,  which  require  short  and  thick 
Fiither  than  long  and  thin  filaments.  A  good  tungsten  lamp  will 
afford  1  candle  power  of  illumination  for  each  1.2  watts  of  current. 

Mazda  Type.  Fig.  184  shows  the  standard  tj-pes  of  lamps  gen- 
erally used.  These  are  Westinghouse  Mazda  lamps  for  6  volts, 
those  at  the  left  being  15  c.p.  headlight  lamps;  the  next  two,  6  c.p. 


Fig    184.     WaiinehuuH  Lamp*— Hnd.  Side,  uid  Tail 

sidc-Hglit  lumps;  and  the  smallest  one  is  a  2  c.p.  size  designed  for  tbe 
tail  liglit,  meter  light,  and  for  interior  lighting  of  closed  cars.  At  6 
viilts,  the  15  c.j).  lamps  require  2.5  amperes,  the  6  c.p.  side  lights  1.25 
iimpcros,  «)r  where  4  c.p.  lamps  are  employed — a  better  uze  for  the 
purpose— .S.^  ampere;  the  2  c.p.  lamps  take  .42  ampere.  The  larg^ 
]anij)s  liiive  the  filament  in  the  form  of  a  spiral  coil  occupying  the 
mitiiinum  spare  so  that  the  whole  source  of  light  can  be  placed  at 
tlie  exact  focus  point  of  the  paraboloidal  reflector. 

Ihwli  Ti/iii:  I*'ig.  1S5  shows  the  Bosch  lamps,  which  are  of 
special  fiirni.  The  lieiiiUi^ht  lamp  at  the  right  is  of  25  c.p.  and  has 
the  filament  stR-tilieil  horizontally  across  wire  supports,  while  the 
siile  liunps  of  S  c.p.  have  a  Inup  of  corrugated  wire,  and  the  tail  lamp. 
of  tuiiular  fonii,  a  .-iiiifjlc  filament  ruiming  straight  across  it.  Tail 
laidps  are  usually  in  series  with  tiie  instrument  lamp  so  that  failure 
of  'he  latter  to  light  also  indicates  a  failure  of  the  tail  lamp. 
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Lamp  Voltages.  VClwn  Edison  waij  asked  lion-  he  CBtne  to 
hit  uiKiii  110  riilts  aa  the  standard  for  incaiKlescent  liRlitiiig, 
In-   siiid    lic   "just    gticss*^!    it".     EvMlpntJy    the    G-volt  standard 


Fin.  IbO,     Uux'L  T>1K  Autumubi 


I  unic  «l«nit  ill  im'tty  niiifh  thr  s(inie  way.  It  is  not  priu-tirahk 
ti>  oiMTjitc-  sinuU  lanijts  at  a  hi|;h  voltaj^-,  us  the  lurnp  of  that  type 
[■■i|iiircs  a  long  slender  fiUimeiit.  Many  nianufactnnTs  of  startin): 
ii]>|iariitns  have  dwmeii  it  necessary  to  eiii]>loy  a  hi(;her  voltajie,  Imt 
the  iurnpti  are  usually  run  at  0  volts,  si»  tliut 
the  batteries  employed  are  accordingly 
siinie  multiple  of  3,   as  G,  9,  or  12  cells, 
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Reflectors.  Much  attention  has  been  directed  to  the  problem  of 
defining  the  best  type  of  reflectors  for  automobile  headlights,  and  the 
conditionsofhghtingby  acetylene 
gas  have  been  determined  to  be 
verj'  different  from  thoseinvolved 
when  electric  lighting  is  used. 

Parabolic  Type.  A  typical 
electric  headlight  for  automobile 
use  is  that  illustrated  in  Fig.  1S6. 
The  plain  form  affords  a  mini-  I 
mum  tendency  to  catch  dirt  and 
mud  and  greatly  simplifies  clean- 
ing. The  position  of  the  lamp 
is  adjusted  to  give  correct  focus, 
as  this  is  essential  to  give  a 
properly  projected  beam  of  light 
ahead  on  the  road. 

Comparmm  of  Parabolic  with 
Ij^m  Type.  The  reflector  in  the 
foregoing  lamp  is  of  the  deeply 
parabolic  metal  type,  illustrated 
in  Fig.  187.  The  advantage  of 
this  t\'pc  of  reflector  is  that  it 
intercepts  a  much  larger  propor- 
tion of  the  light  rays  from  the 
liinip  tlian  the  lens-mirror  type  of 
refkrtor,  Fig.  188. 

T lilies  for  Various  Locaiionn. 
Fig.  ISy  -a,  -h,  -c,  -d,  and  -e  show 
tlic  usual  types  of  lamps  eni- 
ploycil.  These  are,  in  the  order 
given,  an  outside  side  lamp,  flusli- 
ty|)e  side  lamp,  two  tyiR-s  of  elec- 
tric tail  lamps,  and  a  cowl  or  dash 
lamp  for  illuminating  the  instru- 
ments,   such    as  tllf   annnctcr,  <iil  rin.  1N.s.     Vlarly  T>-pc  <■!  RcflrFtor 

telltale,  anil  the  like.     Fig.  ISII-/ shows  a  magnetictrouble-hunting 
lamp,  the  banc  (if  which  altacliisitsdf  toanymetal  part  of  the  chas.sis. 
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Headlight  Glare.    The  increased  efficiency  of  electric  headlights 
has  brought  with  it,  in  far  more  aggravated  degree,  the  bUnfling 


F«.  ISe.     TyiH*  Df  Side.  Duh.  Tmil.  ud  Troublr-Hi 


glare  first  experienced  with  the  acetylene  lamps.    Originally,  strong 
headlights  bothered  pedestrians;  but  ^nce  the  introduction  of  electric 
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Dimming  Devices.  Owing  to  the  fact  that  glare  and  illumina- 
tion are  so  closely  related  and  that  there  is  no  objection  to  glare  on 
deserted  country  roads  where  the  necessity  for  road  illumination  is 
greatest,  permanently  dinmied  lights  are  naturally  not  practicable. 


F!g.  191.     Wiring  Diagram  of  Parallel  Control  for  Dimming  Headlights 
Courtesy  of  HortHcss  Age,  New  York  City 

What  is  required  is  a  device  under  the  control  of  the  driver,  so 
that  either  the  full  illuminating  power  of  the  head  lamps  or  a  subdued 
or  dispersed  light,  free  from  glare,  may  be  had  as  required. 

A  great  many  fundamentally  different  devices  have  been  offered 
as  a  solution  of  the  problem.    While  differing  radically,  practically 


I 
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Fig.  192.     Wiring  Diiigram  of  Series  Control  for  Dimming  Headlights 
CourUay  of  Homeless  Age,  New  York  City 

all  of  them  may  be  classed  under  two  heads,  i.e.,  electrical  and 
mechanical. 

Ekcfrical  Devices.  One  of  the  simplest  of  this  class  that  has  met 
with  considerable  favor  is  nothing  more  nor  less  than  a  resistance 
that  may  be  inserted  in  the  circuit  of  the  headlights  by  turning  a 
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small  switch,  mounted  either  oq  the  steering  wheel  or  in  some  other 
easUy  accessibte  location.  This  cuts  the  voltage  down  and  causes 
the  lamps  to  burn  a  dull  red,  instead  of  the  filaments' being  the  daz- 
zling white  reached  at  tuU  incandescence.  A  dimmer  of  this  type  is 
shown  in  Fig.  190.  An  equally  ^mple  and  practical  device  is  a  switch 
to  throw  the  headlights  into  series  for  a  dim  light  and  back  into  par- 
allel again  when  full  illumination  is  desired.  With  the  series  connec- 
tion, the  current  must  pass  through  both  lamps  successively  and  each 
bulb  thus  receives  but  half  the  voltage  and,  as  even  a  comparatively 


slight  drop  in  voltage  causes  the  efficiency  of  an  incandescent  lamp  to 
fall  off  very  markedly,  the  same  result  is  attained.  It  is  equivalent 
to  burning  a  6-volt  lamp  on  a  3-voIt  current.  With  the  normal,  or 
parallel,  connection,  the  current  flows  through  each  lamp  separately, 
and  both  receive  the  full  voltage  of  the  battery  so  that  they  burn  at 
full  brilliance.  A  switch  of  this  kind  is  marketed  by  the  Cutler- 
Hammer  Company.  Fig.  191  illustrates  the  connections  for  parallel 
arrangement,  or  full  illumination,  switches  1)  and  B  being  closed  a.ud 
the  button  A  pulled  out  to  make  C  contact  with  its  Vovjet  act  (A 


'^innr-'iMiii  Fie  IK.  ainv*  Titt  KCiiieroccs  far  series  burning, 
-fr-*tri  !•-  Tiulimr  nir  TiuniiL  i  tii£  pnsr.Tng  in  A,  this  closing 
■^T-nc:  I.   ri;>°nntr  T    unc  !':gra»:riTir  !L  vith  il>e  upper  connection^. 

Tirt  u*  *r  Tri  Tfii/rx*  ;?  *'ar*f.  rH*odi.ph:  i*  ilIj*-:!  cc»mmonly  resorted 
xr.  "tilt  iie*iiiJ»[:  if  g5^"7nir  "^m?  ttsmc  stii^ft  ii.  Fir.  1^5.  The  second 
puh  b  rr  i:tt  sixf  irdmLrr;  amuiiv'^f  j  :»r  aSt  Eriis  and  is.  moreover, 
-^nr^-  :iir  :r  "iik  inns  :c  iii*  7*6*?.":  :c.  s:*  iLiT  the  diminished  light 
:r-  »;:u— :  ir  ^nr-;:'  vimrm:  c'lSLrt  tui  is  r:j:»>d-.-  diveneiJ  downward. 

lir-^irjiii  i  T!=iiini*ii:«  iL  "10*  iifttofj-T^:  C'ir:u::  i?  also  done  to 
dm  "-:r  iKiiiiTTiTr.  F:r  1:*4  f»ij:-vs  k  iiffib>i  c»f  adjusting  the 
::--  :s— ■  f  "if^  dnmiiir^.  Z'ltt  r^ni  lt^  irciirirTe^i  together  by  a 
-., —  f  TT^  iir  fiii.'T-i,  Tij*  ■I'Tts  :»r:  >:c/r  of  the  resistance  ami 
;  L- —  ^t  Lti't  ■  Mm  rriciTfT.  Any  defdrt^i  intensity  may  Ik* 
--'LTv:   :     -rzi^sTma^zzic  wii.  tb*-  p:»srri:c  c«f  ihis  jumper. 


PS\CTX:\L   \N\L^SIS  OF  "HPES 
£\?*-*lV*.t:>ox  of  miRixG  diagrams 

S¥iiiii:::B]i2e  it  SiinMs.    Tc*  r^e  >LKv^c<;5fuI  in  running  down 

:.'•-     :  ^^.     •:  j^^f.-o  c  Ti  i  stikrrTj:  hzyi  lifting  system  on  a  rar 

'-.  f_>r  .c  1-1  i  izii.  "F'if  irt  :c  iii»f  id-isi  likely  places  to  seek  the 

:-  .  '  t-      "  T.i^-ss  "L:»f  Tr  '-r.ir  :s  •■r^--  fiprA:>E-nt  or  beix^mes  so  upon 

r.i-v  \^  :_•  f  s.r.  T'jes::  :e>:s..  h  z-rx^ess  Cif  ein:ination  must  be  carritxi 

*    :  :■■    :     :.    ■L:J^  -^.zl  lz"  -5e*T>c*  <4  system,  the  trouble  hunter 

:.  .  -"    r  -.r-fv  *..    ZLZZ—JC  vzzT.  "sirir-g  systems  in  general.    To  the 

_  .  .  -    -:•-.   -  ^--.rj:  i.i^i^.s  lire  rrrthir^:  more  than  a  jumble  of  lines, 

•::  r  J  _-^>   i-'i  :Mi:.:s:rj:  szjns.    Familiarity  ^"ith  these  signs,  in 

.>■*-  .:     t    >  ::  r  £r5:  : rirj:  ':■  a-j-hieve.    Their  direct  bearing  upon 

:.  r     .  '   .:  J  r:!..:.  :.    :  :":.r  es><r.::a]s  described  in  the  introductory 

r.  r'.f  ::.  i.  :  r.' ..:  Ir^.  l\'.r:  L  T»:ii  at  once  be  apparent. 

•*•■-■•'  T:.e  :\:is  and  minus,  or  positive  and  nega- 

'.'  r  ?:j:.:i.  —  :•  ^::;^r.  —  r.tvCittive.  s<.*arcelv  call  for  anv  extendecl 
rr.\: ..-.::.;::  :..  T:.-'.  ::.  ::\.i:e  the  direction  in  which  the  current 
::■-%>.  I:  ;>  .  f  ti^  ;::::..  st  imj^irtance.  where  the  manufacturers* 
•i:rv::;'  r.>  art-  t-  «.  -nni. :  Lvrtaii:  apparatus  with  a  given  wire  to  the 
plij>.  or  pr..sitive.  >i.ie.  a: A  ain-ther  wire  to  the  negative,  that  these 
in-truf-tions  he  folliiwt*!  exjilititly.  Otherwise,  the  apparatus  either 
will  Tcfu:^  to  work  or  it  may  be  lianiagetl,  as  in  the  case  of  a  storage 
battery  on  whicli  the  connections  have  been  reversed.     \\Tierever 
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Fla.  ISI.     Battarr.  EStlur  Stonte  0(  DiT  CA 


Fic.  IM.    Gcnentor,  Commutsi 


Iron  Core  but  Vuy  Seldom  Vied  on  Detco  Dnwiugg 


ChsBn  of  ConluBOD— UiHl  in 


Tig.  300.    Ground  Coooeelioa  WhprE  the  Wire  Ii  Connf(rt»l  to  1 
Cluwi.  EntSor.  ar  GeMrstor 

F1«.  201.    CoDlort  Poiota  Such  u  in  Bwitchn,  Diitributon,  Ktc. 
Fli.  203.     Method  UH>d  Is  Show  Li|htin(  Switchta 
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tlie  battery  may  be  told  at  a  glanee.  Other  sources 'oJ 
such  as  generators,  are  indicated  by  a  conventional  sign  < 
of  a  circle  \i'ith  two  short  heavy  lines  tangent  to  its  circi 
at  opposite  points  and  usually  at  an  angle  to  the  horii 
shown  in  Fig.  196.  The  origin  of  this  sign  will  be  appai 
resemblance  to  the  end  view  of  a  commutator  with  a  pair  i 
bearing  on  it.  This  sign  is  also  used  to  indicate  a  motor, 
case  the  letter  M  is  inserted  in  the  circle. 

Cffils.    Coils  which  are  wound  on  an  iron  cote  are 
indicated  by  a  c*onventional  sign  consisting  of  a  few  loop 
as  in  Fig.  197,  but  this  is  only  the  case  where  such  a  coil  o 
place  in  the  circuit  where  there  might  be  a  chance  of  coi 
'  I'  identifying  it.     Where  there  is  no  possibility  of  confuse 

I  I  the  case  of  the  windings  of  a  generator  or  motor,  ignition 

j  I  the  like — the  sign  shown  in  Fig.  198  is  often  used.    Whcp 

j  }  are  heavy,  a  coarse  \i'ire,  such  as  is  employed  for  series  wi 

'  I  generators  or  motors,  or  the  primary  winding  of  an  igni 

I  is  intended. 

lkf<i^tance.    Resistance  in  a  circuit  is  usually  dwm 
arbitrary  sign,  Fig.  199,  similar  in  outline  to  a  piece  of  the 
[.  grid   frequently  used   in  charging  resistances,  though  8 

shown  as  a  coil  and  marked  "resistance".  • 

Gwund.H.    The  sign  of  a  ground  connection  is  the 
j  f  pyranii<l  of  short  lines,  Fig.  200,  and  indicates  that  the 
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rirltitrao*  character,  such  as  Fig.  201,  which  shows  contact  such  as 
ii<4tl  in  switches,  distributors,  etc.,  and  Fig.  202,  which  indicates  a 
li{i;)iting  siritch  (Delco  diagrams);  they  usually  will  be  found  to 
k-ar  BuflSrient  resemblance  to  the  apparatus  itself  to  make  their 
identificatioii  easy. 

Induetion  CoU.  Fine  lines  indicate  a  generator  shunt  winding, 
the  secmdatyof  an  ignition  c<hI,  or  the  coil  of  a  relay  or  cut-out. 
The  primary  and  secondary  n'indings  of  an  induction  coil  as 
iLsed  for  ignition  are  indicated  by  a  fine  and  a  coarse  coil  sign,  as 
in  Fig.  203. 

Condauer.  A  condenser  mth  its  overlapping  plates  is  shown 
in  Fig.  204. 

Cnued  Wina.  To  show  wires  that  cross  one  another  without 
muldng  connection,  a  half  loop  is  made  at  that  point  to  show  that 
the  vires  do  not  touch,  as  in  Fig.  205,  while  wires  that  are  connected 
are  shown  by  a  Uack  dot  at  the  junction. 

General  and  Spenal  Utage.  While  these  signs  are  not  imi- 
vcTsally  used  in  exactly  the  form  shown  here,  tlieir  eniptoyment  Ls 
very  general  and  in  the  majority  of  cases,  such  as  the  positive  and 
negative,  batter^',  ground,  generator,  induction-coil  bindings,  and 
"((il  signs,  they  are  never  changed.  In  some  instances  s{KH'iid  signs 
ire  emploj'ed,  such  as  that  shown  in  Fig.  200,  which  indicates  the 
motor  commutator  of  the  Delco  single-unit  machine  or  tli/namnUir, 
ind  shows  the  special  brush  lifting  switch.     Incandescent  lain|>s 
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side  of  the  diagram, 
the  generator  is  sho\^Ti 
with  its  shunt-field 
winding,  one  brush  of 
the  generator  and  the 
shunt  coil  being 
grounded.  This  is  a 
complete  circuit,  but, 
as  the  shunt  coil  has  a 
high  resistance,  only  a 
very  small  part  of  the 
current  flows  through 
it.  The  series  wind- 
ing of  the  generator 
is  shown  at  the  top 
and  the  explanation 
that  this  is  a  "reverse" 
series  coil  means  that 
it  is  wound  to  have  a 
polarity  opposite  to 
that  of  the  shunt  coil. 
It  accordingly  opposes 
the  shunt  coil  at  the 
higher  speeds  and 
serves  to  regulate  the 
output  of  the  gener- 
ator. This  is  the 
familiar  bucking  coil 
or  "reversed  com- 
pound winding". 

To  reach  the  bat- 
tery, the  current  from 
the  generator  must 
pass  through  the  auto- 
matic cut-out,  the  two 
mndings  and  the  con- 
tact points  of  which 
are    shown    a    Uttle 
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further  to  the  right  along  the  top  Hne.  If  the  ammeter  on  the  dash 
fails  to  register  any  charging  curreDt  when  the  engine  is  running  at  a 
speed  equivalent  to  10  miles  an  hour  or  more,  the  automatic  cut- 
out would  be  the  first  place  to  seek  a  break  in  the  system,  Under 
itormal  conditions  of  working,  the  cut-out  closes  the  circuit  as  soon 
as  the  generator  reaches  a  certain  speed  and  the  3-cell  storage  bat- 
terj',  one  ade  of  which  is  grounded,  is  then  being  charged,  the  current 
entering  at  the  plus  or  positive  terminal  and  returning  by  way  of  the 
minus  terminal  or  pole  through  the  ground  connection.  (In  some 
s^'stems,  sudk  as  the  Gray  &  Davis,  the  frame  of  the  car  is  the  posl- 
ti^'e  nde  of  the  circuit.) 

Between  the  generator  and  battery  circuits  is  shown  the  start- 
ing-motor circuit.  The  iiidth  of  the  lines  employed  indicates  that 
very  heavy  conductors  are  used  in  this  circuit  and  they  are  neces- 
sary owing  to  the  extremely  heavy  currents  handled.  The  series 
winding  of  the  motor  field  is  also  short  and  of  heavy  ^ire.  The 
upper  brush  of  the  motor  being  in  a  raised  position  indicates  that 
the  motor  is  brought  into  operation  through  a  switching  brush,  and 
when  this  smtch  is  closed  to  start,  one  of  the  generator  brushes  is 
raised  from  the  coomiutator.  This  completes  the  generating, 
starting,  and  controlling  circuits,  all  of  which  are  shonii  to  the  left 
erf  the  battery.  The  relative  difference  in  thickness  between  the 
wires  of  these  circuits  at  the  left  and  those  at  the  right  for  the  lighting 
and  igmtion  show  the  difference  in  the  amount  of  current  handled 
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unit  and  the  timer,  and  the  ktter  directly — are  plwn.  But  it  also  will 
l»e  noted  that  a  condenser  is  shunted  around  the  sparking  contacts  of 
the  tin»er,  one  side  being  connected  to  the  contact  terminating  the 
positive  side  of  the  circuit,  while  the  other  is  grounded.  The  function 
of  a  condenser  here  is  to  absorb  the  charge  or  surge  of  current  due  to 
the  sudden  opening  of  the  contacts  (breaking  of  the  circuit)  and  to 
prevent  the  formation  of  an  arc  which  would  burn  the  contact  points 
away  rapidly.  Badly  pitted  or  burned  contact  points  accordingly  are 
an  indication  that  the  condenser  has  broken  down  or  become  discon- 
nected from  the  circuit.  This  also  will  be  evident  from  the  excessive 
sparking  at  these  contacts  when  the  engine  is  running.  The  secondary 
winding  of  the  coil  is  grounded  directly.  At  the  right-hand  end  of 
the  diagram  is  seen  the  independent  circuit  of  the  dry-cell  battery 
for  emergency  use  in  starting.  The  current  from  this  battery  passes 
through  a  relay  coil  the  contact  points  of.  which  are  also  provided 
with  a  condenser  for  the  purpose  already  explained. 

Aubum-Deico  Type.  The  wiring  diagram  of  the  Delco  light- 
ing, starting,  and  ignition  system  of  the  Auburn,  Model  6-40,  Fig. 
208,  is  more  completely  shomi  than  the  one  to  which  reference  was 
made  above,  in  that  all  the  switching  connections  are  indicated  and 
the  lamp  circuits  have  been  carried  out.  Examination  will  also  show 
that  it  differs  in  other  respects  as  well.  For  example,  instead  of  a 
bucking-coil  type  of  regulator  winding,  the  generator  output  is  con- 
trolled through  a  variable  resistance  in  the  shunt-held  circuit,  the 
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"return"  side  of  the  circuit,  the  steel  sections  forming  the  frame  of 
the  car  may  be  utili/^l  for  either  the  positive  or  negative  ade. 


Tiie  wring  diagram,  Fig.  209,  wliich  is  that  of  the  Auto-Lite 
system  as  applied  to  the  Chevrolet  is  of  the  two-«nre  tj"pe.     With 
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the  exception  of  the  ignition  circuit,  which  is  always  grounded 
owing  to  the  spark  plugs  completing  the  circuit  by  being  screwed 
into  the  cylinder  heads,  it  will  be  noted  that  two-wire  connections 
are  made.  The  ignition  circuits  are  completed  by  a  ground  at  the 
battery  for  the  starting  current,  and  by  another  at  the  generator 
for  the  current  when  running.  The  circuit  breaker  is  also  grounded. 
Jeffery-Bijur  Type.  The  two-wire  system  of  the  Bijur  as 
installed  on  the  Jeffery  Chesterfield  Six  is  shown  in  Fig.  210.  All 
lighting  circuits  are  fused  and  there  is  also  a  fuse  in  the  ground 
connection  for  the  ignition.  The  numbers  referring  to  the  various 
circuits  indicate  the  proper  size  of  wire  used  in  each  circuit.  This 
is  an  important  item  in  every  starting  and  lighting  system,  as, 
where  any  wires  have  to  be  replaced  owing  to  mechanical  or  elec- 
trical injury,  they  must  always  be  replaced  with  wire  of  the  same 
size  and  character  of  insulation,  as  otherwise,  further  and  more 
serious  trouble  is  apt  to  follow.  Thus,  for  the  starting  circuit  No.  0 
(Brown  &  Sharpe  gage)  cable  is  employed;  for  the  charging  circuit 
between  the  generator  and  battery  No.  10;  for  the  lighting  circuits 
No.  14,  which  is  the  size  ordinarily  employed  for  incandescent-lamp 
circuits  in  house  wiring;  and  for  the  horn  No.  18.  "Duplex"  in 
this  connection  means  that  both  wires  of  the  circuit  are  enclosed  in 
the  same  braided  insulation.  "Loom"  is  tubular  fireproof  insula- 
tion through  which  the  wires  are  passed  to  afford  further  protec- 
tion, and  the  sizes  vary  in  accordance  vnth  the  size  of  the  wires. 

USE  OF  PROTECTIVE  AND  TESTING  DEVICES 

Circuit  Breaker.  This  is  a  protective  device,  the  theory  of 
which  will  be  clear  at  once  upon  referring  back  to  the  explanation 
of  an  electromagnet  in  the  introductory  chapter.  It  consists  of  an 
electromagnet  with  a  movable  armature  adapted  to  open  the  cir- 
cuit by  its  movement,  the  latter  being  controlled  in  turn  by  the 
amount  of  current  flo^^^ng  in  the  circuit. 

By  referring  back  to  the  diagram,  Fig.  208,  and  noting  the  par- 
ticular function  of  the  circuit  breaker,  an  excellent  example  of  the 
value  of  ability  to  trace  wiring  diagrams  at  a  glance  can  be  shown. 
Assume  that  when  the  button  M  of  the  combination  switch,  Fig. 
212,  is  pulled  out,  the  ignition  fails  to  work.  An  examination  of  the 
diagram  ahows  that  when  M  is  pulled  out,  its  lower  contact  bridges 
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the  wires  No.  1  and  No.  7  connecting  the  generator  with  Ae  battery. 
At  the  same  time  its  upper  contact  bridges  a  pair  of  tenninals  which 
insert  the  circuit  breaker  and  the  ignition  coil  on  cable  No.  8  in  the 
circuit.  Further  examination  of  the  ignition  or  lighting  circuits 
shows  that  throwing  on  any  one  of  these  circuits  includes  the  circuit 
breaker.  The  function  of  the  latter  is  to  prevent  the  discharge  of 
the  battery  when  th^  generator  is  standing  idle  or  running  too 
slowly  to  generate  the  necessary  voltage  to  chai^  the  battery.  It 
also  serves  to  protect  the  lamps,  ignition  coil,  and  horn  from  dam- 
age, in  case  any  of  the  wires  leading  to  these  essentials  should  become 
grounded,  and  in  this  rdle  takes  the  place  of  fuses  and  fuse  block. 
As  it  requires  25  amperes  to  operate  the  drcuit  breaker  in  this 
particular  instance,  it  is  not  affected  by  the  normal  ofwration  of  the 
lamps,  ignition,  or  electric  horn.  But  in  the  case  of  a  short  circuit 
or  ground,  the  whole  output  of  the  battery  would  pass  through  the 
circuit  breaker,  moving  its  armature  and  breaking  the  contacts, 
which  open  the  circuit.  This  cuts  off  the  current  and  a  spring 
brings  the  contacts  tc^ther  again,  when  the  operation  is  repeated, 
cau^ng  the  drcuit  breaker  to  vibrate  and  pass  an  intermittent 
current  of  comparatively  small  value.  While  it  will  not  break  the 
drcuit  on  less  than  25  amperes,  it  will  continue  to  vibrate  on  a 
current  of  3  to  4  amperes.  Its  continued  vibration  is  an  indication 
that  there  is  a  ground  in  one  of  its  circuits.  Hence,  no  attempt 
should  be  made  to  stop  this  action  by  tightening  the  spring  of  the 
circuit  breaker,  but  by  locating  the  ground. 

Tracing  for  Grounds.  This  can  best  be  dunu  b>-  a  proccs.s  of 
elimination  in  which  a  knowledge  of  the  wiring  diagram  will  come 
handy.  Referring  again  to  Fig.  208,  if  the  circuit  breaker  operates 
when  switch  M  of  the  combination  is  pulled  out,  it  will  be  apparent 
that  the  ground  is  located  in  either  the  main  generator-battery 
drcuit,  or  the  ignition-cbtl  circuit,  as  it  will  be  seen  that  the  lower 
contact  member  of  the  snitch  throws  the  former  in  the  circuit  and 
the  upper  contact  member  throws  the  latter  in  the  same  circuit 
with  the  drcuit  breaker.  If  pulling  out  3/  docs  not  set  the  circuit 
breaker  operating,  but  pulling  out  T  docs,  this  would  iiidiiate  a 
ground  in  the  circuit  of  the  tail  and  cowl  lights,  while  the  (i|)c-nUi<)ii 
of  the  drcuit  breaker  on  pulling  out  either  S  or  //,  would  indicate 
that  the  ground  was  loc-ated  in  the  wiring  of  cither  tUe  t^Ae  \v^V& 
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or  the  headlights  depending  on  which  switch  caused  the  circuit 
breaker  to  respond.  The  combination  switch  B  serves  to  connect 
the  generator  and  storage  battery  in  the  circuit,  the  same  as  Af , 
but  it  also  includes  the  5-cell  dry  battery  in  the  ignition  circuit 
It  will  be  noted  that  the  distributor  has  six  spark  plug  leads,  indicat- 
ing a  6-cylinder  engine,  also  that  the  connection  of  the  ignition 
timer  in  the  circuit  is  somewhat  diflferent  from  the  previous  diagram, 
Fig.  207,  in  which  it  is  on  a  branch  circuit  of  the  storage  batter}-, 
whereas  in  this  instance  it  is  also  in  the  generator  circuit. 

Having  determined  the  particular  circuit  in  which  the  fault  lies 
it  is  next  necessary  to  narrow  it  down  to  exactly  the  defection  that 
is  causing  the  ground.  For  work  of  this  nature  nothing  handier 
can  be  devised  than  the  simple  testing  set  which  is  described  later 
and  which  may  be  assembled  at  nominal  expense. 

Fuses.  The  lighting  circuits  of  many  cars  are 
provided  with  fuses,  designed  to  protect  the  battery. 
These  fuses  are  usually  of  the  enclosed  type,  con- 
sisting of  a  glass  tube  with  brass  caps  at  each  end 
to  which  the  fusible  wire  is  connected,  as  shown  in 
Fig.  211,  Usually  when  a  fuse  %lows",  due  to 
excessive  current  caused  by  a  ground  or  "short", 
the  wire  melts  entirely  and  this  will  be  visible.  But 
at  times  it  will  simply  melt  at  the  soldered  connec- 
tion and  not  show  any  fault.  In  beginning  a  test  it  is  well  to  go  over 
the  fuses  first,  holding  one  of  the  test  points  of  the  lamp  circuit  on 
one  end  of  the  fuse  and  touching  the  opposite  end  of  the  fuse  i^ith  the 
second  test  point.  Failure  of  the  lamp  to  light  will  indicate  the  defec- 
tive fuse.  On  systems  employing  a  circuit  breaker  as  shown  in  the 
wiring  diagram,  Fig:  208,  no  fuses  are  necessary  as  the  circuit  breaker 
serves  the  same  purpose  and  also  gives  an  audible  signal  of  trouble 
by  its  buzzing.  Upon  finding  an  open  circuit  where  one  is  supposed 
to  exist  as  shown  on  the  wiring  diagram,  it  is  always  well  to  verify 
this  by  again  testing  the  trouble  lamp  itself  before  beginning  to 
tear  an^lhing  out.  The  rough  handling  to  which  such  a  lamp  is 
subjected  frequently  causes  the  filament  to  break. 

If  immediately  upon  being  replaced,  a  fuse  again  blows,  it  may 
indicate  that  one  of  the  lamp  circuits  of  the  car  is  short-circuited  or 
the  lamp  on  that  circuit  is  defective,  having  become  short-circuited, 


Fig.  211.  T>-pical 
Fuse 
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the  remedy  being  a  new  bulb.  In  some  systems,  fuses  arc  used  in 
other  circuits,  as  in  the  case  of  the  Bosch-Rushmore  in  which  there 
is  a  fuse  on  the  switch  block  to  protect  the  main  shunt  binding 
of  the  generator.  The  blowing  of  this  fuse  indicates  a  broken 
battery  connection,  such  as  a  loose  or  broken  terminal  or  a  coi^ 
roded  battery  connection  on  the  celts  themselves. 

Handy  Test  Set.    Take  a  porcelain  base  socket,  screw  it  to  a 
piece  of  board  to  form  a  base.    Connect  one  side  of  this  lamp  socket 


to  a  standard  screw  plug.  Procure  two  pieces  of  brass  or  steel  rod 
and  file  or  grind  them  to  a  long  tapering  point.  These  rods  should 
be  about  6  inches  long  and  tapering  half  their  length  to  a  sharp 
ptunt.  Connect  the  other  ade  of  the  lamp  socket  to  one  of  these 
points  and  connect  the  second  point  to  the  other  terminal  of  the 
screw  plug.  Ordinary  lamp  cord  can  be  used  for  the  connections. 
For  fastening  to  the  test  points  it  should  be  bared  for  several  inches, 
wrapped  solidly  around  the  metal  rods  at  their  blunt  ends,  and 
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soldered  fast  in  place.  The  joints  should  be  heavily  wrapped  with 
*  tape  or  covered  with  other  insulating  material  to  form  a  handle, 
as  sho^'n  in  the  illustration,  Fig.  212,  As  shown  by  the  diagram 
forming  part  of  this  illustration,  it  will  be  seen  that  the  lamp  is  in 
series  with  one  of  the  points,  but  that  when  the  drcuit  is  closed  by 
bringing  the  two  points  together,  the  lamp  is  in  multiple  with  the 
main  circuit.  The  lamp  should  be  of  the  carbon-filament  ^^ 
owing  to  its  greater  durability.  As  a  lamp  of 
this  tj'pe  of  16  op.  only  consumes  a  little  over 
50  watts  at  110  volts,  or  approximately  half  an 
ampere  of  current,  there  is  no  danger  of  injuring 
any  of  the  apparatus  on  the  automobile  through 
its  use.  SufBdent  cord  should  be  allowed  on 
either  side  of  the  lamp  to  permit  of  connecting 
it  up  with  the  outlet  conveniently. 

In  using  this  test  outfit,  the  two  test  pdnts 
are  pressed  on  places  between  which  no  current 
should  pass,  and  if  the  lamp  lights  it  indicates 
that  there  is  a  ground  between  those  points. 
For  example,  in  Fig.  208,  if  there  were  a  ground 
between  the  generator  and  the  switch  so  that 
no  current  reached  the  latter,  the  lamp  would 
not  light  when  the  test  points  were  placed  on 
terminals  1  and  7  of  the  diagram,  the  gener- 
ator then  being  in  operation.  But  a  little 
searching  along  this  circuit  would  soon  show 
where  it  was  grounded,  thus  making  it  easy  to 
locate  the  break  or  ground.  Fig.  213  is  a  graphic 
illustration  of  a  ground  causing  a  short  circuit, 
due  to  worn  insulation.  Much  more  satisfactory  results  can  be 
obtained  with  a  test  set  of  this  nature  than  with  either  an  expen^ve 
hand  ringing  magneto  test  set,  or  with  a  set  con^sting  of  a  bell  or 
buzzer  and  a  few  dry  cells.  The  former  is  unnecessarily  expensive  for 
the  purpose  while  the  latter  has  not  sufficient  potential  to  force  the 
current  through  grounds  or  breaks  that  present  too  great  a  resistance, 
whereas  the  higher  voltage  of  the  lamp  test  set  will  cause  it  to  give 
an  indication  where  the  battery  set  would  not.  With  the  aid  of 
gacb  a  set,  every  circuit  shown  on  even  the  most  complicated  of 
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wiring  diagrams  cao  be  tested  in  fifteen  to  twenty  minutes,  maybe 
leas,  depending  upon  how  accessible  the  connections  of  the  various 
circuits  happen  to  be. 

IF  preferred,  owing  to  greater  convenience,  a  6-volt  lamp  can 
be  used  in  the  socket  of  the  test  set  and  current  from  the  car  battery 
can  be  utilized  for  testing.  In  case  the  car  happens  to  have  either 
a  12-voIt  or  a  24-volt  system,  connect  lamp  terminals  to  but  three 
of  the  cells.    Should  the  lamp  not  light  to  full  incandescence  it 
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Altcays  Test  the  Lamp.  Whether  a  stamlard  110-volt  lamp 
or  one  of  the  6-voIt  type  (for  which  an  adapter  may  be  necessary 
to  fit  the  standard  socket)  is  used,  it  is  a  good  precaution  always 
to  test  the  lamp  itself  before  going  over  the  wiring  on  the  car.  This 
will  avoid  the  necessity  for  blaming  things  generally  after  failing 
to  find  any  circuit  at  all — after  fifteen  miutes  of  trj-ing  everything 

on  the  car — due  to  the  lamp 

having  a  broken  filament  or 
one  of  its  connections  hav- 
ing loosened  up. 

Special  Testing  Instru- 
ments. For  the  garage  that 
claims  to  be  fully  equipped 
to  give  all  necessary  atten- 
tion to  the  electrical  system 
of  the  modem  car,  some- 
thing more  than  the  simple 
lamp  testing  outfit  is  nec- 
essary. Portable  volt- 
ammeters  such  as  shown  in 
Fig.  214  are  made  specially 
for  this  purpose.  This  is 
a  Weston  combination  volt- 
ammeter,  the  voltmeter 
being  provided  with  a  0-30, 
0-3,  and  0  to  iV  scales  for 
making  voltage  tests,  to- 
gether with  three  shunts 
having  a  capacity  of  0-300, 
0-30,  and  0-3  amperes,  re- 
spectively, which  are  used 
in   connection    with   the 

fV-volt  scale  for  making  current  measurements.  A  special  set 
of  calibrated  leads  for  use  A\ith  these  shunts  is  also  provided. 
With  the  aid  of  such  an  outfit,  accurate  tests  can  be  made  covering 
the  condition  and  performance  of  every  part  of  a  starting-lightin  g 
and  ignition  installation.  For  example,  a  starting .  system  may 
be  otherwise  in  perfect  working  condition,  but  its  operation  causes 


Fig.  215.     Diagram  Showing  3- Volt  Scale  Connected 

across  a  Circuit 
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such  an  excessive  demand  on  the  storage  battery  that  the  generator 
is  not  capable  of  keeping  the  latter  sufficiently  charged.  Generator 
tests,  which  are  described  later,  having  failed  to  show  anything 
wrong  with  the  dynamo,  a  test  of  the  starting  motor,  using  the 
0-300-ampere  shunt  of  the  instrument  would  doubtless  show  that 
an  unnecessarily  large  amount  of  current  was  being  demanded 

by  the  motor  for  its  oper- 
ation, and  indicate  a  fault 
in  the  latter. 

Voltage  Tests.  When 
the  instrument  is  used  as 
a  voltmeter  it  is  neces- 
sary to  select  the  proper 
scale  for  the  circuit,  and 
if  there  is  any  doubt  it 
is  well  to  start  with  the 
30-volt  scale.  For  test- 
ing individual  cells  of  the 
storage  battery  the  3-volt 
scale  would  naturally  be 
used,  while  for  testing 
the  entire  battery,  the 
30-volt  scale  would  be 
the  proper  one  to  apply. 
The  proper  method  of 
connecting  the  voltmeter 
to  the  circuit  is  shown 
by  the  diagrams,  Figs. 
215  and  216.  It  is  nec- 
essary to  connect  the 
positive  side  of  the  meter 
to  the  positive  side  of  the  circuit  and  the  other  terminal  to  the 
negative.  Where  the  polarity  of  the  circuit  is  not  known,  this 
can  be  readily  determined  by  a  trial  reading.  If  the  pointer  moves 
to  the  right,  the  connections  are  properly  made;  in  case  it  moves 
to  the  left,  it  will  be  necessary  to  reverse  the  connections,  which 
should  be  done  at  the  circuit  terminals  and  not  at  the  meter,  to 
avoid  any  accidental  short  circuits. 


FSc.  216.    Diacram  Showing  30-Volt  Scale  Connected 
across  Storage  Battery  Terminala 
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Ammeter  Readings.  When  using  the  ammeter  to  determine 
the  amount  of  current  consimded  by  any  of  the  apparatus,  such  as 
tlie  starting  motor  or  the  lamps,  it  is  necessary  to  first  select  the 
proper  shunt.  Should  the  value  of  the  current  to  be  measured  be 
unknown,  it  is  well  always  to  start  with  the  300-ampere  shunt 


f 


1 


Fig.  217.    Diagram  Showing  Method  of  Connecting  Ammeter  to  300-Ampere  Shunt 

and  then  insert  the  30-ampere  shunt  in  case  the  reading  shows  the 
current  to  be  less  than  30  amperes.  These  shunts  are  connected 
in  the  manner  sho^Mi  by  Fig.  217,  and  as  will  be  plain  from  this 
diagram,  all  shunts  are  connected  in  the  circuit  in  a  similar  manner. 
The  connections  always  remaining  the  same,  it  is  only  necessary 
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to  substitute  the  different  shunts  as  required  by  the  drcuit  to  be 
measured.  If  the  polarity  be  reversed,  it  is  only  necessary  tn 
shift  the  connections  from  the  ammeter  to  the  shunt  which  should 
be  done  at  the  latter,  there  being  no  necessity  to  change  the  con- 
nections of  the  shunt  itself  to  the  circuit.  The  300-ampere  shunt 
must  always  be  used  for  measuring  the  starting  current,  as  the 
latter  will  rarely  have  a  value  of  less  than  200  amperes  when  the 
switch  is  first  closed  owing  to  the  necessity  of  exerting  great  power 
at  first  to  overcome  the  inertia  of  the  gasoline  engine,  particularly 
at  a  low  temperature  when  the  lubricating  oil  has  become  gummed. 
Cables  of  the  same  size  as  those  employed  on  the  starting-motor 
circuit  of  the  car  should  be  provided  for  connecting  up  the  shunt 
to  make  the  tests.  The  30-ampere  shunt  is  employed  for  measuring 
the  charging  current  to  the  battery,  while  the  3-ampere  shunt  is  used 
for  the  indi\'idual  lighting  circuits  or  for  the  primary  ignition  current. 

In  the  following  section,  the  various  systems  in  general  use 
are  described  in  detail. 

AUTO-LITE  SYSTEM 
Six-Voltj  Two-Unit;  Single  Wire 

Generator.     Three   types   of   generators   are   furnished.    One 
has  a  permanent  magnetic  field  and  resembles  a  magneto  but  can 


be  distinguished  by  its  drive  and  governor,  as  well  as  the  fact  that 
it  is  fitted  ^th  a  commutator  and  brushes  instead  ot  a  cotAacl 
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breaker  and  distributor.  It  has  been  supplied  chiefly  for  installation 
on  cars  which  were  not  originally  fitted  with  electric  lighting  and 
starting  systems.  The  second  is  somewhat  smilar  in  de^gn  but 
has  an  excited  field,  the  field  magnets  being  of  U-form  and  laminated; 
this  t}!^  of  generator  is  used  on  the  Overland  Model  82.  Hiae 
is  a  single  field  winding,  as  shonTi  in  Fig.  218.  The  third  ia  a  four- 
pole  machine  having  two  wound  poles,  usually  termed  wfinri  pi^H 
and  two  coiuequerU  poles,  which  carry  no  windings.  A  fliigMH 
mntic  section  of  this  generator  is  shown  in  Fig.  219.  The  aaBent 
poles  are  those  in  the  vertical  plane  while  the  consequent  ptdes 


Fig.  210.    DiagramiDu 


are  horizontal.    The  diagram  also  shows  the  commutator,  brushes, 
and  the  compound  winding  of  the  generator. 

Regulation.  The  current  output  of  the  permanent-field  tj-pe  is 
regulated  by  a  centrifugal  governor;  it  should  not  drop  below  10 
amperes,  nor  exceed  12  amperes.  Any  falling  off  can  be  remedied 
frequently,  simply  by  cleaning  the  governor  out  thoroughly  with 
gasoline,  allowing  it  to  dry,  and  giving  it  a  drop  or  two  of  light  oil; 
if  this  does  not  increase  the  output  sufficiently,  the  weights  can  be 
moved  inwant  an  eighth  of  an  inch  or  more  to  decrease  the  pressure 
on  the  springs  mounted  in  tlie  governor  arms,  Fig.  220.    This  per- 
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mhs  the  generator  to  run  at  a  higher  speed-    The  regulation  of  the 
other  tv'pe  is  inherent  and  is  due  to  the  scries  windings  of  the  field 
^^^^  being  made  in  the  reverse  direction  to 

L     ^^^^^^^^^^  tliat  of  the  shunt  windings,  so  that  their 

'  ^^^^^^^^^^^  polarity  is  reversed.  This  is  commonly 
referre<l  to  as  a  bucking  coil,  also  as  a 
differential  winding.  As  the  speed  in- 
creases, the  magnetizing  effect  of  the 
shunt  coils  is  opposed  by  this  bucking 
mnding  and  thus  kept  within  safe  hmits. 
This  type  of  generator  is  used  on  the 
„    „    ^  , .      ,.      Overland  Model  80  and  Model  81,  be- 

H(.  230.     Corrmor  □■  Autn-Lilc 

ptrm»™tjsi«ntt  T>-pt        siclcs  Other  cars. 

Starting  Motor.  The  starting  motor 
is  a  scrie-i-wound  multipolar  type  having  four  salient  poles,  Fig.  221 
Cuse<l  on  (herliind  Motlel  SO  and  Model  81).  In  this  type  the  switch 
is  t-ombincd  directly  with  the  motor,  being  mounted  in  a  housing  at 
the  left  end  as  .sliowu  in  Fig.  221.  It  is  also  fitted  with  a  special  lock- 
ing device,  the  details  of  which  are  illustrated  in  the  sectional  view, 
Fig.  222.  One  of  the  buttons  on  the  control  hoard  on  the  steering 
column  closes  the  circuit  of  the  solenoid  shown  in  this  illustration ;  this 
causes  the  plunger  to  lift  and  release  what  is  known  as  the  getir- 
latrh.  The  shaft  carrying  the  switch  also  serves  to  shift  the  ])inion 
on  the  end  of  the  starting-motor  shaft  into  mesh  with  the  flywheel 
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automatic  operation  which  eliminates  the  necessity  for  gear^hifting 
devices  actuated  by  the  switch,  when  operating  the  starting  motor. 
The  armature  shaft  has  a  threaded  extension  provided  with  an 
Solen^d-opwktad 


Fit.  222.     Seclioi 


o-Liie  Startinc  Switch  ODd  Oev  RalsaH 


outer  bearing;  mid  carries  a  pinion, 
this  pinion  am!  the  latter  is  loose 


A  weight  is  solidly  attached  to 
igh  on  the  shaft  always  to 


occupy  the  iM)sitioii  shown  with  the  weight  underneath  when  the 
shaft  is  idle.  The  icading  serew  has  a  triple  thread.  On  starting 
the  electric  motor  the  inertia  of  the  weight  causes  it  and  the  pinion 
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Contact  point  , 


to  be  carried  along  the  shaft  and  into  mesh  with  the  gear  on  the 
flywheel  in  viiich  relation  it  remains  until  the  engine  begins  to  run 
under  its  own  power.  This  reverses  the  relation,  the  flywheel  then 
driving  instead  of  being  driven,  which  automatically  throws  tlic 
)union  out  of  mesh.  The  coil  spring  shown  is  simply  to  take  up  tlic 
shock  of  startup  and  permits  s  slight  play  between  the  motor  shaft 
and  the  threaded  extension.  Before  the  sn-itch  which  is  located  on 
the  footboards  can  be  operated,  a  button  on  the  control  board  must 
be  pushed.  This  actuates  a  solenoid  the  plunger  of  which  raises  a 
latch,  reteadng  the  starting  switch. 

Battery  Cuti«ut  The  battery  cut-out  is  shown  in  Fig.  224. 
As  already  expluned,  the  majority  of  electric  systems  on  the  auto- 
mobile must  be  provided  with  a  cut- 
f  out  to  protect  the  battery  when  the 
generator  speed  falls  below  a  certain 
point.  It  is  frequently  referred  to  as  a 
circuit  breaker,  which  it  is  in  fact, 
though  the  circuit  breaker  is  a  protec- 
tive device  used  for  another  purpose, 
as  has  been  mentioned.  The  cut-out 
may  be  compared  to  a  check  valve  in 
a  water  supply  line  between  a  pum|> 
and  a  tank;  the  pump  can  force  water 
into  the  tank  against  its  pressure  but, 
regardless  of  how  great  this  pressure 
becomesowing  to  the  filling  of  the  tank, 
the  water  cannot  run  back  through  the  pump  when  the  latter  is  id!c. 
In  principle,  the  battery  cut-out  is  simply  a  magnetically 
operated  switch.  When  the  current  passes  through  its  winding  the 
armature  is  attracted  and  brings  a  pair  of  contact  points  together. 
These  will  be  seen  at  the  upper  right  hand  at  the  point  of  the  arrow. 
In  the  best-^rade  apparatus,  these  points  are  of  platinum  or  platinum 
and  iridium  as  the  latter  is  proof  against  oxidation  as  well  as  cor- 
rosion and  resists  pitting  under  the  electrical  current  better  than 
any  other  metal.  As  it  costs  more  than  gold,  silver,  which  is  next 
best  for  the  purpose,  is  frequently  employed.  The  cut-out  in  this 
case  is  set  to  close  the  circuit  and  allow  the  generator  to  charge  the 
battery  when  the  engine  is  driving  the  car  at  7^  miVca  \iet\\o\H,\iu\. 
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when  the  speed  is  dropping  it  does  not  open  the  circuit  until  it  falls 
to  6  miles  per  hour.  This  is  to  prevent  the  cut-out  from  operating 
continuously  when  the  car  is  running  at  its  opening  speed  of  7\ 
miles.  The  battery,  however,  governs  to  a  large  extent  the  running 
speed  at  which  the  cut-out  will  operate.  When  fully  charged, 
o^ing  to  the  higher  resistance  thus  presented,  the  cut-out  does  not 
close  the  circuit  until  the  car  is  running  at  10  to  12  miles  per  hour. 
In  case  the  cut-out  is  removed  from  the  car  for  any  reason,  the 
latter  must  not  be  operated  imtil  a  short  piece  of  bare  copper  wire 
is  securely  connected  from  the  vAre  terminal  post  of. the  generator 
to  one  of  the  brass  screws  in  the  name  plate. 

Instruments.  The  instrument  regularly  supplied  is  a  double- 
reading  anmieter  showing  charge  and  discharge  from  0  to  15  amperes. 
When  lamps  are  off  with  car  running  at  10  miles  per  hour  or  over, 
it  should  indicate  charge. 

Wiring  Diagram.  The  connections  are  practically  the  same, 
regardless  of  the  type  of  starting  motor  installed,  so  that  ike  foUow- 
ing  description  will  cover  all  three  of  the  Overland  models  men- 
tioned. Fig.  225.  The  ignition  system  is  entirely  independent  of  the 
starting  and  lighting  system,  although  it  appears  on  the  diagram. 
The  connections  are  as  follows:  Cable  12072,  battery  negative  to 
motor  terminal;  cable  12073,  battery  positive  to  starting  switch; 
vare  12236,  starting  switch  to  fuse  block;  ^\^re  12066,  fuse  to  positive 
ammeter  terminal;  wire  12066,  negative  ammeter 'terminal  through 
fuse;  wire  12069,  to  battery  cut-out;  wire  12068,  generator  positive 
terminal  to  cut-out.  The  battery  negative  is  grounded  at  the  end 
of  cable  12072,  while  the  cut-out  is  grounded  to  the  frame  through 
the  v,ire  12906  and  the  generator  is  grounded  at  its  negative  ter- 
minal. This  is  an  example  of  the  frame  of  the  car  being  employed 
for  the  negative  side  of  the  circuit,  as  compared  i^ith  the  Gray  & 
Davis  in  which  it  is  utilized  for  the  positive  side.  While  the  ground 
connections  of  the  lamps  and  horn  are  indicated  as  separate  wires, 
in  the  case  of  the  lamps  the  socket  itself  forms  the  ground  connec- 
tion. The  location  of  the  various  fuses  and  the  relation  of  the 
various  essentials  of  the  system  will  be  clear  upon  tracing  the 
diagram.  "^ 

Instructions.  While  a  car  never  comes  into  the  shop  to  have 
Its  electrical  equipment  examined  until  some  fault  develops,  and 
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the  man  who  has  to  locate  the  trouble  seldom  has  occasion  to  run 
the  car  in  onhnary  service,  still  it  is  important  that  lie  should  famil* 


iarize  himself  with  the  instructions  issued  to  the  owner,  in  order  that 
he  may  know  rt  a  glance  whether  these  instructions  Wv^  Wea 
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carried  out  or  not.  It  is  safe  to  say  that  more  than  half  the  troubles 
that  arise  Tvith  this  equipment  are  due  to  failure  to  follow  instruc- 
tions in  its  use.  The  average  motorist  ordinarily  pays  little  atten- 
tion to  the  workings  of  the  apparatus  until  it  goes  wrong  and  then 
he  is  helpless.  There  is,  however,  another  type — ^the  man  who  is 
given  to  tinkering.  He  is  responsible  for  not  a  few  of  the  problems 
that  come  into  the  garage,  and  familiarity  with  the  manufacturer's 
instructions  will  assist  in  tracing  the  result  of  his  efforts. 

Chain  Drive^  The  silent-chain  drive  of  the  generator  should 
be  inspected  occasionally  and  any  slack  taken  up  by  loosening  the 
screw  which  holds  the  generator  on  its  bracket,  and  moving  the 
generator  over  by  means  of  the  adjusting  screw.  The  chain  should 
be  just  slack  enough  to  have  no  strain  on  its  links  when  the  engine 
is  not  running.  Although  the  initial  stretch  of  the  chain  is  taken 
out  at  the  factory  by  running  it  under  load,  these  chains  will  con- 
tinue to  stretch  slightly  in  service.  After  making  the  adjustment 
the  holding  screws  should  be  re-tightened. 

Comviutaior  and  Brushes.  The  conmiutator  is  the  most  vul- 
nerable part  of  a  direct-current  machine.  It  should  be  examined 
first  whenever  there  is  any  trouble  with  the  generator,  such  as 
insufficient  output  of  charging  current,  or  with  the  starting  motor, 
such  as  loss  of  power,  the  battery  being  in  good  condition.  (No 
mention  is  made  of  battery  instructions  in  this  connection  as  the 
subject  is  fully  dealt  with  in  another  volume,  and  in  the  summary 
follo^^'ing  this  section.  The  battery  is,  however,  the  cause  of  fully 
80  per  cent  of  all  electrical-system  troubles  and  neglect  is  at  the 
root  of  most  of  these.) 

The  commutator  is  made  accessible  bv  the  removal  of  a  small 
plate — in  this  case,  the  name  j)late.  If  it  is  blackened  and  rough, 
the  brushes  first  should  be  examined  and  trued  up  and  the  com- 
mutator should  be  smoothed  do\Mi  with  fine  sandpaper  (never  use 
emery  cloth  as  it  is  metallic  and  will  short-circuit  the  segments). 
The  mica  insulation  should  be  carefully  examined;  if  it  is  flush  with 
the  copper  segments  this  is  the  cause  of  the  roughened  up  brushes, 
and  the  mica  should  be  undercut.  Detailed  instructions  for  smootli- 
ing  the  commutator,  truing  up  the  brushes  and  undercutting  the 
mica  insulation  are  given  in  connection  with  the  Delco  system. 
An^  carbon  dust  from  the  brushes  should  be  carefully  blown  out 
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tliis  vill  tend  to  short-drcuit  the  armature  and  field  windings, 
e  that  the  brush  holders  swing  easily  on  the  studs  and  that  there 
just  enough  spring  tension  on  the  brushes  to  malce  good  contact 
I  the  commutator.  Too  much  tension  wiU  cause  unnecessai^*  heat- 
f  and  Tear  of  the  commutator  and  brushes.  Keep  the  conimu- 
tor  and  brush  chamber  free  from  dirt  and  grease.  Never  replace 
uiihes  with  any  but  those  supplied  by  the  manufacturer.  See 
at  the  brush  holders  are  well  insulated  from  their  supports,  replac- 
g  any  of  the  insulating  plates,  bushings,  or  washers  that  may  have 
rcome  damaged.  Should  the  batterj'  or  generatra'  be  disconnected 
»  not  run  the  engine  until  they  are  again  connected.  Should  it  be 
«e!>sar>'  to  do  so,  connect  a  short  piece  of  bare  copper  wire  from 
e  terminal  of  the  generator  to  one  of  the  brass  screws  in  the  name 
ate. 

Qenerator  Tests.    The  following  tests  nill  be  found  an  aid  in 
citing  failure  of  the  generator. 

Field.    To  test    the    field    coils,    lift    the    brushes  off  the 

mmutator  and  insert  a  piece  of  fiber  or  clean  dry  wood, 
lose  the  battery  cut-out  by  presang  the  finger  on  the  contacts- 
tie  ammeter  should  then  register  about  one  ampere  if  the  coils 
e  all  right. 

/lrma(Mrf.    To  test  the  armature,  remove  the  driving  chain  and 
>He  the  cut-out  as  before.    Tills  will  jnoiorize  the  generator  and 

shr>uld  then  run  at  (ioO  to  7.50  r.p.m.,  drawing  3  to  3^  amperes. 
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or  the  factory  direct,  as  either  armature  or  field  winding  is  some- 
thing that  is  beyond  even  the  best  equipped  of  garages. 

Battery  Cut-Out  Tests.  Failure  of  the  battery  cut-out  to  oper- 
ate will  most  frequently  result  from  pitted  or  blackened  contact 
points.  Clean  and  true  up  with  fine  sandpaper  which  should  be 
drawn  back  and  forth  between  them  while  slight  pressiue  is  applied 
to  the  upper  one,  taking  care  to  keep  the  sandpaper  at  right  angles 
to  the  vertical  plane  of  the  points,  as  otherwise  they  will  be  put  out 
of  true.  See  that  the  faces  of  both  points  come  together  over  their 
entire  surface  when  pressed  together  with  the  finger. 

Operation.  Test  for  operation  by  sending  the  current  from  five 
dry  cells  in  series  through  the  coil  of  the  cut-out.  The  points  should 
come  together  with  a  snap  as  soon  as  the  circuit  is  completed  and 
should  hold  fast  as  long  as  the  current  is  on.  This  test  should  not 
be  continued  too  long,  however,  as  the  dry  cells  will  weaken.  In 
case  the  armature  is  not  attracted,  leaving  the  points  in  the  open 
position  when  the  battery  current  is  sent  through  it,  inspect  the 
connections  from  the  binding  posts  to  the  coil.  The  wire  is  small 
and  may  have  broken  from  vibration. 

Should  no  circuit  be  found  through  the  coil  with  the  dry  bat- 
tery, try  the  test-lamp  outfit  on  the  110-volt  circuit,  holding  one 
point  down  on  a  binding  post  and  just  touching  the  other  momen- 
tarily with  the  second  point.  If  the  lamp  fails  to  light,  there  is  a 
break  in  the  coil  and  the  cut-out  should  be  returned  to  the  manu- 
facturer. 

BIJUR  SYSTEM 

6- Volt;  Two-Unit;  Single-  or  Double-Wire,  According  to  Make 

of  Car.    Also  12- Volt;  Single-Unit 

Generator.  The  generator  is  a  special  reversible  type.  Due 
to  the  reversible  characteristics  of  the  machine  it  mav  be  connected 
in  either  direction  and  it  will  assume  the  proper  polarity  for  charging 
the  storage  battery. 

Regulation.  This  is  the  constant-voltage  type,  the  regulator 
and  battery  cut-out  being  mounted  directly  on  the  generator. 
The  principle  of  this  method  of  regulation  is  to  maintain  the  voltage 
of  the  generator  constant,  the  current  output  depending  on  the 
resistance  of  the  circuit  and  varying  with  the  state  of  charge  of 
the  battery.    This  is  accomplished  by  the  use  of  a  luagnetic  vibrator 
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I  principle  to  the  ordinary  electric  bell,  or  buzzer,  though 
it  takes  a  different  form.  Fig.  226.  H  is  the  magnet  winding,  A  the 
soft-iron  core  of  the  magnet,  and  G  the  vibrating  armature.  To 
|Mevent  G  from  coming  directly  in  contact  with  the  pole  piece  on 
the  upper  end  of  -■!,  a  stop  ptn  /  is  provided.  C  and  F  are  the 
contacts,  C  being  held  against  F  by  the  tension  spring  E  and  is  pulled 
away  from  F  by  the  magnetic  pull  of  coil  II  in  armature  G.  These 
contacts  are  mounted  on  vibrating  reeds  (thin  strips  of  spring  brass) 
[daced  at  right  angles  to  each  other.  Contact  C  and  its  reed  are 
attached  to  the  armature  G,  and  stop  pins  B  limit  the  lateral  movement 
<^  this  contact.  F  and  its  reed  are  also  mounted  on  an  arm  as  shown. 
\M)en  a  current  flows  through  the  magnet  coil  the  armature 
6'  is  attracted,  automatically 
released  by  the  breaking  ot 
the  circuit,  and  again  at- 
tracted so  that  it  vibrates, 
the  rate  of  vibration  depend- 
ing upon  the  amoimt  of  cur- 
rent. As  the  vibrator  is  in- 
cluded in  the  field  circuit  the 
current  in  the  latter  is  ac- 
]  coniingly  pulsating,  and  as 
a  field  circuit,  owing  to  its 
heavy  iron   core   has  consid- 
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Staitiiq;  Motor.  This  is  of  the  series-wound  multipolar  type. 
The  installation  of  motor  and  starting  switch  as  mounted  on  Hupp 
cars  is  shown  in  Fig.  227. 

Instruments.  A  dash  ammeter  is  supplied.  With  constant 
voltage  control  the  amount  of  current  delivered  to  the  battery 
by  the  generator  depends  upon  the  condition  of  the  former.  With 
battery  almost  discharged,  its  voltage  is  lowered  and  the  current 
reading  may  then  be  as  high  as  15  to  20  amperes.  \^^th  battery 
fully  charged  and  no  lights  on,  the  reading  will  decrease  to  5  amperes 
or  less,  the  charging  current  at  all  times  depending  upon  the  state 
of  charge  of  the  battery. 


tfoim 
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Fig.  227.    Bijur  Starting  Motor  as  Installed  on  the  Hupp 

Wiring  Diagrams.  WirUon.  This,  as  shown  in  Fig.  228,  is  a 
single-wire  system.  The  generator  is  located  alongside  the  trans- 
mission case  and  is  belt-driven,  provision  for  belt  adjustment  being 
made  by  swinging  generator  to  tighten  belt.  The  numbers  on 
the  wires  indicate  the  sizes  of  wire  used  for  connecting  the  various 
apparatus.  Ground  connections  are  on  engine  and  transmission 
case.  In  this  installation  the  starting  switch  is  mounted  directly 
on  the  starting  motor.  A  spare  lamp  circuit  is  provided  on  which 
a  portable,  trouble-hunting  lamp  may  be  connected.  Fuses  are 
pro\dded  on  all  lamp  circuits. 

Jeffery.  Fig.  229  illustrates  the  six-volt  two-wire  system  used 
on  the  Chesterfield  Six  Model.    With  the  exception  of  the  out-of- 


S5« 


ELECTRICAL  EQUIPMENT 


S3^^ 


m 


ELECTRICAL  EQUIPMENT 


ELECTRICAL  EQUIPMENT  347 

nis  Umpa  in  the  headlights  for  dty  running  which  are  on  the 
ree-wire  pkn,  one  side  being  grounded,  all  apparatus  is  connected 
th  two  vites.  In  addition  to  lamp  fuses,  the  ground  connection 
also  fused.  The  blowing  of  any  of  these  fuses  does  not  affect 
e  ignition  circuits.  The  generator  is  mounted  on  the  right  side 
the  motor  and  is  driven  through  a  flexible  coupling  from  the 
ning-gear  shaft.  At  its  rear  end,  the  generator  is  connected 
rough  a  jaw  coupling  to  the  water  pump,  this  shaft  also  serving 
drive  the  magneto.  The  starting  switch  is  mounted  on  a  housing 
vering  the  motor  pinion,  the  starting  motor  being  mounted  on 
s  left  side  of  the  engine.  A  five-way  switch  provides  lamp 
[itrol. 

Hupp.  Fig.  230  shows  the  6-volt  single-wire  system.  This 
igram  is  simplified  by  the  omission  of  the  magneto,  current  from 
r  battery  being  supplied  to  a  single  coil  and  distributor  system 
■  this  purpose.  The  generator  is  bolted  to  an  extension  on  the 
;ht  side  forward  of  the  engine  and  is  driven  by  silent  chain  from 
e  crankshaft.  The  generator  is  of  the  third-brush  regulation  X\{k. 
le  field  windings  are  protected  by  a  12-ampere  fuse.  There  is  a 
ir-way  switch  for  lighting  circuits. 

ApptTson.  The  6-volt  two-wire  system  is  shown  in  Fig,  231. 
le  generator  is  of  the  third-brush  regulation  type,  A  "charge 
iicator"  is  fitted  instead  of  an  ammeter,  having  three  readings  — 
trge,  floating,  and  discharge.     Floating   is   the    neutral    pnsitiiin 
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field  circuit  is  closed,  and  the  ignition  circuit  is  closed.  This  a 
the  normal  operating  position.  In  the  off  portion,  all  circuits 
*re  opened  and  the  car  cannot  be  run.    Shifting  the  switch  to  the 


idle  iM>^tion  closes  the  ignition  circuit  so  that  the  engine  can  t 
operated,  but  the  d^'namotor  is  disconnected  from  the  batter 
and   its  field  circuit  is  opened   so  that  it  zenerates  no  curren 
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.  232  shows  the  wiring  diagram  as  used  on  the  earlier  models  of 
Scripps-Booth,  while  Fig.  233  is  the  diagram  of  later  models 
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erstor   produces  current  at   12  volts   and   charges  the   storage 
battery  celts  in  series.    Fourteen-volt  tungsten  lamps  are  used. 


Instructions.     Wiitton.    No  charge  reading  will  be  indicated  on 
the  ammeter  when  the  engine  is  running  (on  high  gear  or  direct 
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drive)  at  a  car  speed  of  less  than  10  miles  per  hour.    Failure  to  indi- 
cate a  charge  at  speeds  higher  than  this  is  a  sign  that  the  generator 
belt  is  too  loose  or  that  the  generator  itself  is  inoperative.    To 
determine  this,  remove  No.  10  black  ydre,  Fig.  228,  connected  to 
No.  6  post  on  the  terminal  block,  which  goes  into  the  aluminum  box 
above  it.    Connect  a  voltmeter  between  this  wire  and  the  chassis 
and  run  the  engine  at  a  speed  corresponding  to  a  travel  of  15  miles 
per  hour  on  high  gear.    The  voltmeter  should  indicate  7.3  to  7.4 
volts.    Instructions  regarding  brushes,  commutator,  and  tests  of 
armature-  and  field-winding  circuits  with  the  aid  of  testing  lamp  as 
given  in  connection  ^ith  the  Auto-Lite  system  apply  to  determine 
the  nature  of  the  fault  in  the  generator.    A  special  disconnecting 
plug  is  incorporated  in  the  regulator  box  on  top  of  the  generator. 
This  plug  has  two  fiat  parallel  faces  and  should  never  rest  in  its 
receptacle  so  that  these  fiat  faces  stand  in  a  vertical  position,  but 
should  be  pushed  in  and  turned  in  either  direction  past  its  central 
position  until  it  locks.    When  making  tests  for  generator  faults  see 
that  this  plug  is  in  the  proper  position  to  close  the  generator  circuit 
To  remove  the  regulator  box  from  the  generator,  the  discon- 
necting plug  should  be  pushed  in  and  turned  to  its  central  position 
when  the  plug  may  be  withdrawn  from  its  socket.    After  removing 
the  plug,  the  knurled  screw  on  top  of  the  regulator  box  should  be 
loosened  and  the  box  lifted  by  grasping  it  and  the  plug  receptacle 
at  the  same  time.    Do  not  hammer  the  receptacle  in  order  to  release 
the  box.    If  the  disconnecting  plug  is  round  and  knurled  on  the 
portion  extending  from  the  receptacle,  the  plug  may  be  withdrawn 
when  the  V-groove  extending  liorizontally  on  the  plug  matches  with 
the  slot  at  the  top  of  the  receptacle.    The  plug  should  never  be  left 
in  this  position,  but  should  be  turned  in  either  direction  until  it 
springs  forward  and  locks.    Every  five  hundred  miles,  this  discon- 
necting plug  shoukl  be  pushed  inwardly  to  unlock  it,  and  turned  past 
its  vertical  ix)sition  until  it  springs  forward  and  locks.    In  carrying 
out  any  repairs  or  tests  involving  the  disconnection  of  any  of  the 
wires  which  might  cause  a  short  circuit  by  coming  in  contact  with 
metal  parts  of  the  car,  the  cable  connected  to  the  positive  terminal 
of  the  battery  should  he  disconnected  and  its  bare  end  taped.  This 
naturally  applies  to  all  grounded  electrical  systems  and  not  merely 
to  the  car  under  consideration. 
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Jeffery  {Chetterjidd  Six).  InstrucUons  for  ffulure  of  generator, 
starting  motor,  lamp  circuits,  etc.,  are  the  same  as  those  given  in 
connection  with  other  installations,  except  that  in  making  tests  the 
fact  that  two-we  drcuits  ate  employed  must  be  borne  in  mind  and 
connections  made  accordingly.  The  headhghts  supplied  are  sperial 
double-filament  lamps,  one  of  the  filaments  being  out  of  focus  to 
provide  a  non-glaring  light  for  city  driving.  Where  emergency 
replacements  are  made  with  standard  ^ngle-filament  lamps  (double- 
contact  type),  the  lamp  controller  should  be  turned  to  the  in-focvs 
bright  position  when  the  head  lamps  are  to  be  used.  It  is  not  possi- 
ble to  dim  the  lights  under  these  conditions.  In  making  a  head- 
lamp double-filament  bulb  replacement,  the  lamp  controller  should 
be  turned  to  the  out  of  jocvs  dim  position.  The  new  bulb  should 
then  be  inserted  in  its  socket.  The  out-of-focus  filament  in  each 
headlight  should  then  bum  dimly.  If  they  do  not,  the  last  bulb 
inserted  in  its  socket  should  be  removed,  reversed,  and  replaced. 
When  bulbs  are  correctly  inserted,  the  two  out-of-foous  filaments 
will  bum  dimly  when  the  lamp  controller  is  turned  to  the  mtt  of 
foeiu  dim  position.  Instructions  for  the  use  of  the  disconnecting 
plug  are  the  same  as  for  the  Winton. 

To  determine  whether  generator  is  inoperative  remove  wire 
leading  from  the  anuneter  to  No.  5  post  of  the  junction  and  fuse 
block,  Fig.  229,  then  connect  voltmeter  to  terminals  2  and  5  and  run 
engine  as  previously  directed.  A  fuse  is  in  the  ground  circuit  be- 
tween the  magneto  tap  and  the  lamp  controller  and  this  fu.se  will 
blow  if  an  accidental  ground  is  made  on  eitiicr  side  of  the  system. 
The  blowing  of  this  fuse  when  the  lamp  controller  is  in  the  off  posi- 
tion, shows  that  the  acddental  ground  causing  it  is  on  the  positi\e 
sde  of  the  system-  Should  the  ground  fuse  blow  when  the  lamp 
controller  is  in  the  all  bright  or  out  of  focus  bright  position.^,  it  shows 
that  the  accidental  ground  is  on  the  negative  side  of  the  system. 
In  testing  the  wiring  to  locate  grounds,  the  lieadlight  bulbs  should 
be  removed  and  the  ground  wire  leading  to  connecting  post  No.  7 
(A  tbe  fuse  and  terminal  block  should  be  disconnected,  and  the 
magneto  switch  should  he  placed  in  the  running  position.  With 
the  ground  fuse  blown,  the  following  lighting  conditions  obtain. 
Controller  at  infoeua  bright  position,  lamps  will  burn  normally.  At 
md  c^foeuM  bright  portion  lamps  will  not  light;  at  oil  bright  ^toaVJiov. 
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only  the  in-focus  filaments  will  light.  At  the  otU  cf  focus  dim  position 
all  the  lamps  will  light. 

Hupp.  Greneral  instructions  covering  failure  of  generator, 
starter,  or  lamp  circuits  apply  as  already  given.  Many  other  impor- 
tant factors  might  be  mentioned  such  asopen  circuity  looseconnections, 
blown  generator  fuse,  corroded  battery  terminal,  and  brushes  not 
seated  properly.  If  the  starting  motor  is  damaged  so  that  its  removal 
is  necessary,  it  should  be  removed  by  disconnecting  one  of  the  batter^' 
terminals  and  the  two  small  wires  B  and  C  as  shown  on  the  diagram, 
Fig.  230.  Next  remove  heavy  cables  A  and  D  from  the  starting 
motor.  The  holding  nuts  on  the  motor  can  then  be  loosened  to  permit 
its  removal.  In  replacing  a  starting  motor,  the  pinion  riding  on  the 
square  shaft  of  the  motor  should  be  tested  to  see  that  it  has  a  free 
sliding  fit  on  the  shaft.  Do  not  use  a  file  but  see  that  all  surfaces  are 
perfectly  clean  and  well  oiled.  The  pinion  must  be  guided  over  the 
shaft  before  the  motor  is  pushed  into  place.  Connect  the  new  motor 
in  accordance  with  the  wiring  diagram.  Do  not  make  storage-battery 
connections  until  all  other  connections  have  been  made  and  while 
repairs  are  being  carried  out  battery  terminals  should  be  protected. 

In  case  an  inoperative  starting  motor  is  removed  and  a  new  one 
is  not  immediately  available  for  installation,  the  car  may  be  run 
with  the  hand-starting  crank  by  proceeding  as  follows:  Terminals 
on  tlie  end  of  cable  A  and  the  wires  B  and  C  must  be  connected 
together  by  binding  tightly  with  bare  copper  wire  and  then  thor- 
oughly taping  so  as  to  form  a  good  electrical  joint  that  is  well  insu- 
lated. Secure  the  cables  and  wires  to  adjacent  parts  of  the  car  with 
the  aid  of  cord  or  insulating  tape  (not  with  wire)  so  that  they  cannot 
be  chafed  or  otherwise  injured  by  moving  about  while  the  car  is 
running.  The  heavy  cable  D  must  be  similarly  taped  and  secured. 
The  lighting  system  is  then  independent  of  the  starting  system. 
By  making  a  study  of  the  wiring  diagram  and  carefully  noting 
the  different  circuits,  the  starting  circuit  may  be  isolated  from  the 
lighting  circuits  on  any  car  having  a  two-unit  system.  Before 
replacing  a  blown  fuse  always  examine  for  grounds,  short-circuits, 
or  defective  bulbs.  Never  replace  a  blown  fuse  with  anything 
but  another  of  the  same  capacity.  If  it  is  necessary  to  use  the 
car  l)efore  the  trouble  can  be  located,  the  grounded  circuit  can  be 
left  open  by  omitting  its  fuse.    When  all  lights  fail  this  is  due  to  an 
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open  circuit  between  the  battery  and  the  fuse  block.  Examine 
the  battery'  connections  carefully  and  also  connections  of  the  cable  A 
and  wire  C  when  they  are  connected  to  the  starting  motor;  also 
examine  the  connections  E  at  the  ignition  switch,  F  at  the  lighting 
switch,  and  the  fuse  block.  If  all  of  these  connections  are  clean  and 
tight,  making  good  electrical  contact,  there  is  a  broken  wire  between 
these  points  and  the  various  circuits  should  be  tried  with  the  testing 
lamp. 

Before  making  the  usual  tests  for  an  inoperative  generator 
see  that  the  fuse  protecting  the  field  windings  is  intact.  If  this 
fuse  has  not  blonii  and  all  connections  are  tight  and  properly  made, 
remove  wire  from  B  which  connects  the  generator  to  one  terminal 
of  the  starting  motor,  and  connect  an  ammeter  in  this  circuit. 
Run  the  engine  at  a  good  speed,  equivalent  to  15  miles  per  hour 
or  more.  If  the  ammeter  shows  no  current,  while  the  commutator 
b  bright,  brushes  bearing  on  it  properly,  and  the  battery  connections 
are  all  right,  test  the  armature  and  field  bindings  with  a  lamp 
outfit  to  locate  short-cireuited  windings.  Do  not  remo\e  the  gen- 
erator unless  another  is  available  for  immediate  installation.  If 
it  is  nei-essarv'  to  nm  the  car  with  the  generator  inoperative,  the 
field  fuse  shoukl  be  remo\'ed  as  a  precaution  against  damage.  To 
take  the  generator  off,  remove  the  circular  co\'er  plate  fn)m  the 
front  end  of  the  chain  case  and  take  out  the  three  bolts  holding 
the  generator  to  the  rear  side  of  the  chain  case.    The  dri\ing  chain 
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or  other  tool.  Before  replacing  a  blo^ii  fuse  examine  all  connections 
and  wiring  to  see  that  they  are  in  good  condition.  The  engine 
must  never  be  run  ^ith  the  battery  disconnected,  as  this  vnH  blow 
the  generator-field  fuse.  These  instructions  apply  to  all  generators 
equipped  with  field  fuses,  although  the  placing  of  the  latter  vdli 
naturally  differ  in  other  systems.  Instructions  for  testing  circuits 
are  the  same  as  those  for  other  two-wire  systems.  There  are  no 
grounds  except  in  the  ignition  system.  Tests  for  inoperative 
generator  or  starting  motor  and  instructions  for  the  removal  of  either 
of  these  units  are  the  same  as  already  given. 

ScrippS'Booih.  With  the  higher  voltage  battery  supplied 
(12-volt)  in  the  single-unit  system  employed  on  this  car,  the  cells 
are  of  considerably  smaller  capacity  (35-ampere-hour  as  compareti 
with  80-ampere-hour  on  the  Apperson  and  120-ampe re-hour  on 
the  Winton),  so  that  if  the  car  has  been  left  standing  for  long  periods 
with  the  lamps  on,  or  is  only  run  for  short  periods  during  the  day- 
time, thus  giving  the  battery  no  opportunity  to  become  fully  charged, 
it  vnH  not  have  suflBcient  capacity  to  start  the  engine.  As  the  motor- 
generator  (d^Tiamotor)  automatically  reverses  its  functions  in 
accordance  with  the  speed  at  which  it  is  being  driven  by  the  engine, 
the  latter  should  not  be  nm  with  the  switch  in  the  on  position  at 
speeds  corresponding  to  a  travel  of  less  than  10  miles  per  hour.  Under 
such  conditions,  as  when  the  car  is  left  standing  with  the  motor 
idling  slowly,  or  when  driving  at  a  very  slow  pace  as  in  congested 
traffic,  the  switch  should  be  placed  at  the  idle  position.  Should 
the  engine  stall  when  the  switch  is  at  the  idle  position,  it  should 
be  shifted  immediately  to  the  on  position.  For  failure  of  the  current 
indicator  to  work  see  instructions  on  this  point  on  page  353. 
The  indicator  should  never  show  discharge  when  the  car  is  running 
above  12  miles  per  hour. 

If  necessity  requires  the  operation  of  the  car  ^ith  the  batterj' 
disconnected,  disconnect  the  wires  from  the  generator  at  the 
machine,  as  otherwise  it  is  liable  to  injury.  On  the  earlier  Scripps- 
Booth  models.  Fig.  232,  the  engine  should  not  be  used  as  a  brake  in 
running  down  hill  except  in  emergencies,  but  on  later  models.  Fig. 
233,  this  may  be  done  without  injury  to  the  d}7iamotor  by 
throwing  the  switch  to  the  off  position.  By  referring  to  the  wiring 
diagram  it  will  be  noted  that  the  shmud-lamp  and  cowl-lamp  bulbs 
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are  of  the  double-contact  type;  all  others  are  of  the  single-contact 
type.  All  must  be  14-volt  lamps,  15  c.p.  and  4  c.p.  in  the  headUghts 
and  2  c.p.  for  the  others. 

Packard.  Fig.  234  is  the  wiring  diagram  of  the  Packard  twelve- 
cylinder  motor,  showing  all  connections  for  the  ignition,  starting,  and 
lighting.  Beginning  at  the  left,  are  the  double  headlights  and  their 
connections,  just  back  of  them,  the  twelve-cylinder  distributor  and  its 
connections  to  the  twelve  spark  plugs,  in  groups  of  six.  This  dis- 
tributor is  illustrated  in  the  preceding  ignition  section.  It  is  prac- 
tically two  six-cylinder  distributor  units,  each  of  which  has  its  own 
induction  coil,  though  both  naturally  must  run  s>TichronousIy,  i.e., 
they  are  timed  together,  as  the  ignition  alternates  from  one  group  of 
cylinders  to  the  other.  The  secondary  cables  are  represented  by 
double  lines  which  are  shown  part  solid  and  part  open,  to  distinguish 
them  from  other  wires.  To  the  right  of  the  two  coils,  in  the  lower 
central  part  of  the  diagram,  is  the  junction  box,  incorporating  all  the 
lighting-circuit  fuses.  Fiu^her  to  the  right  of  this,  the  "switchboard" 
is  a  unit  mounted  at  the  head  of  the  steering  column  of  the  car  and 
which  brings  to  one  convenient  point  within  easy  reach,  all  the  light- 
ing as  well  as  the  ignition  switches. 

To  indicate  the  heavy  cables  of  the  starting  circuit,  a  double  line 
is  used  with  cross  Unes  at  short  intervals.  Two-wire  connections  are 
used  throughout  the  entire  system,  barring  the  ignition.  On  the 
motor  the  high-  and  low-tension  wiring  is  readily  distinguishable  by 
the  difference  in  size,  the  low-tension  wires  having  the  thinner  insu- 
lation. The  low-tension  current  is  carried  in  a  complete  two-wire 
circuit  not  grounded  at  any  point.  The  high-tension  current  is 
grounded  from  the  spark-plug  body,  through  the  motor  to  the  coil 
bracket.  The  starting  circuit  may  readily  be  traced  by  its  heavy 
connections,  and  it  will  be  noted  that  it  is  the  shortest  and  most 
direct  circuit  in  the  system.  Referring  to  the  junction  box,  the 
strap  shown  connecting  posts  A  and  B  is  used  in  this  way  in  all 
states  the  laws  of  which  allow  direct  control  of  the  tail  light  from  the 
driver's  seat.  With  this  arrangement,  the  dash  and  tail  lamps  are 
in  parallel  and  both  are  protected  by  the  tail-lamp  circuit  fuse. 
For  states  requiring  an  independent  tail-lamp  circuit,  such  as 
Illinois,  this  strap  is  connected  across  posts  B  and  C;  with  this 
arrangement,  the  dome-light  fuse  protects  the  tail  light,  whvl^  l\v^ 
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tail-light  fuse  protects  the  dash  light.  All  wires  are  run  in  conduits, 
the  various  circuits  enclosed  in  each  conduit  being  indicated  at  dif- 
ferent points  on  the  diagram.  High-tension  wires  from  distributors 
to  spark  plugs  are  carried  in  tubes  supported  on  the  cylinder  blocks. 

BOSCH-RUSHMORE  SYSTEM 
Twelve-Volt;  Two-Unit;  Single-Wire 

Generator.  The  bipolar  shunt-wound  type  of  generator  is 
made  in  two  sizes,  one  for  driving  from  pump  shaft,  and  the  other 
for  silent-chain  or  belt  drive. 

Regulation.  BaUast  Coil  Employed,  The  regulation  is  the 
inherent  type,  using  a  bucking-coil  winding  in  conjunction  with  a 
so-called  '^ballast  coil"  which  automatically  cuts  the  bucking  coil 
m  or  out  of  the  circuit,  according  to  the  resistance  of  the  ballast 
coil.  Mention  has  been  made  in  Elementary  Electrical  Principles, 
Part  I,  that  the  resistance  of  certain  metals  increases  greatly  with  an 
increase  in  their  temperature.  This  is  particularly  the  case  with  iron, 
and  advantage  has  been  taken  of  this  fact  in  the  Bosch-Rushmore 
generator.  The  ballast  coil  consists  of  a  few  turns  of  fine  iron 
wire  on  a  fluted  porcelain  rod.  The  bucking  coil,  which  is  simply  a 
reversed  field  winding,  has  a  polarity  opposite  to  that  of  the  winding 
employed  to  excite  the  field  magnets.  Consequently,  when  a  current 
passes  through  it,  the  effect  is  to  oppose  the  excitation  of  the  field 
magnets.  The  bucking  coil  is  connected  as  a  shunt  across  the  iron 
ballast  coil.  Fig.  148.  The  resistance  of  the  bucking  coil  is  consider- 
ably greater  than  that  of  the  ballast  coil  when  the  iron  wire  is  cold  or 
only  warm,  so  that  at  low  engine  speeds  practically  all  the  current 
generated  passes  through  the  shunt  winding  of  the  dynamo.  How- 
ever, the  resistance  of  the  wire  increases  at  a  constant  rate  with  the 
current  up  to  10  amperes,  after  which  it  increases  very  suddenly  owing 
to  the  heating  effect  of  the  current  in  the  iron.  Any  current  in  excess 
of  10  amperes  accordingly  must  pass  through  the  bucking  coil,  which 
consequently  tends  to  Hmit  the  output  of  the  generator  to  that  amount 
of  current. 

Starting  Motor.  Method  of  Operation.  This  is  the  series- 
wound  bipolar  type,  as  illustrated  in  section,  Fig.  155,  which 
shows  the  field  windings  as  cut  in  half.  As  the  illustration  is  to  scale, 
the  large  size  of  the  conductors  in  a  series-wound  field  w\VV  b^  ivol^, 
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this  being  necessary  owing  to  the  heavy  current  requii^ed  to  operate 
a  starting  motor.  The  starter  pinion  is  mounted  directly  on  the 
armature  shaft  without  any  intermediate  gearing  and  the  engagement 
of  this  pinion  with  the  flywheel  gear  is  automatic,  as  will  be  made 
clear  by  referring  to  Fig.  155,  and  to  Fig.  166,  showing  the  mounting 
of  the  Bosch  starter  on  an  automobile  motor. 

Refer  back  for  a  moment  to  the  description  of  magnetic  fields 
under  Electrical  Principles,  Part  I.  See  also  the  description  of  the 
action  of  a  solenoid.  It  will  be  noted  that  every  magnet  has  a 
magnetic  circuit  and  that  the  lines  of  force  comprising  it  are  most 
numerous  in  close  proximity  to  the  poles  of  the  magnet.  In  other 
words,  the  magnetic  attraction  is  most  intense  at  those  points.  The 
magnetic  poles  of  the  field  of  the  Bosch  starter  are  the  metal  projections 
each  of  which  is  held  in  place  by  two  machine  screws,  top  and  bottom, 
as  will  be  seen  in  the  sectional  view.  It  will  also  be  plain  that  the 
armature  of  the  starting  motor  is  not  directly  in  the  magnetic  field 
of  these  poles,  and  that  it  is  held  in  this  ofiF-center  position  by  the 
spring  pressing  against  its  shaft  as  seen  at  the  left.  The  moment 
the  switch  is  closed,  however,  and  the  field  magnets  are  excited, 
the  whole  motor  acts  as  a  solenoid  and  forcibly  pulls  its  armatiu*e 
into  a  central  position  against  the  spring,  at  the  same  time  as  it 
begins  to  revolve.  This  gives  ideal  conditions  for  meshing  the 
starter  pinion  with  the  flywheel  gear,  as 'it  is  pulled  against  the 
latter  and  at  the  same  time  revolved,  so  that  the  moment  its  teeth 
correspond  with  spaces  in  the  fl^^^heel  gear,  it  slips  into  engagement 
and  begins  to  turn  the  engine  over.  As  soon  as  the  current  is  cut 
off  by  opening  the  switch,  the  spring  returns  the  armature  to  its 
normal  inoperative  position  and  disengages  the  gears. 

Starting  Switch,  There  are  two  contacts  on  the  starting  switch, 
the  first  sending  only  a  small  amount  of  current  through  the  starting 
motor,  this  being  just  sufficient  to  pull  the  armature  into  center 
and  engage  the  gears,  when  a  further  movement  of  the  switch  sends 
the  full  current  from  the  battery  through  the  starting  motor.  This 
progressive  movement  of  the  switch  and  the  two  circuits  between 
the  battery  and  starting  motor  are  shown  in  Figs.  236  and  236. 
It  will  be  noted  that  the  first  movement  of  the  switch  throws  the 
field  of  the  starter  in  series  with  the  battery,  while  the  further  move- 
ment of  the  switch  places  the  field  and  armature  in  aeries  ¥rith 

380 


ELECTRICAL  EQUIPMENT 


the  battery.    Fig.  237  shows  the  actual  wiring  diagram  of  the 
starting-motor  <nrcuit.     In  actual  operation,  the  movement  of  the 
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switch  is  practically  instantaneous.  No  damage  will  result  in  case 
the  switch  is  held  down  after  the  engine  starts,  as  the  moment  the 
latter  begins  to  fire,  the  load  on  the  starting  motor  is  greatly  reduced 
and  the  current  consumption  decreases  to  a  point  where  the  field 
coils  no  longer  have  sufficient  pull  to  overcome  the  spring  on  the 
armature.  The  pinion  on  the  sfiaft  of  the  latter  is  automatically 
disengaged  from  the  fl}-wheel  gear  and  the  motor  will  only  idle 
slowly,  owing  to  the  armature  being  off  center. 

Instruments  and  Protective  Devices.  A  standard  double-reading 
ammeter  is  supplied.  The  normal  charging  rate  is  approximately 
20  amperes  with  the  car  running  20  to  25  miles  an  hour  or  over. 

In  addition  to  the  usual  battery  cut-out  which  is  an  essential 
feature  of  most  electric  lighting  and  starting  systems  and  will  be 
found  on  most  cars  so  etiuipped,  whether  it  is  specifically  mentioncil 
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putting  it  in  the  circuit  the  charging  rate  is  reduced  to  5  amperes. 
Where  a  great  amount  of  day  running  is  done,  it  is  recommended 
that  the  ballast  coil  be  left  in  circuit.  All  circuits,  except  starting 
motor,  but  including  field  coil  of  generator,  are  fused. 

Wiring  Diagram.  The  various  circuits  of  the  single-wire  system, 
as  employed  in  the  Mercer  installation,  are  shown  in  Fig.  237.  The 
automatic  cut-out  for  the  battery  circuit  is  mounted  on  the  generator. 
Ground  connections  are  not  indicated  in  every  instance,  as  in  the 
case  of  the  generator  and  the  starter  they  are  made  within  the 
apparatus  itself,  and  this  is  also  the  case  with  the  lamps,  which  a^e 
known  as  the  single-contact  type.  The  latter  are  employed  in  all 
single-wire  systems.  In  this  case,  they  must  be  12-volt  bulbs  as  six 
cells  of  battery  are  employed.  In  making  lamp  replacements,  only 
bulbs  of  the  proper  type,  i.e.,  single  or  double  contact,  depending 
on  whether  the  system  is  one-  or  two-wire,  and  of  the  proper  voltage 
must  be  used.  This,  of  course,  applies  to  all  electric  systems,  as, 
where  a  6- volt  bulb  is  placed  on  a  12-volt  system,  it  will  be  burned 
out  immediately.  A  12-volt  bulb  on  a  6-volt  circuit  will  burn  very 
dimly,  so  that  when  only  one  headlight  burns  brightly  the  voltage 
of  the  dim  burning  bulb  should  be  ascertained  before  looking  for 
trouble  elsewhere.  If  the  manufacturer's  label  has  disappeared 
from  the  bulb,  it  can  be  tested  with  dry  cells,  starting  with  four  in 
series  which  should  make  a  6-volt  bulb  burn  brightly,  and  increasing 
to  eight  in  series  for  a  12-volt  bulb. 

Instnicttons.  Battery  Charging,  With  all  lamps  on,  the 
lighting  equipment  consumes  about  12  amperes;  the  side  and  tail 
lamps  together  take  about  3  amperes,  so  that  when  the  ammeter 
reading  shows  a  consumption  in  excess  of  these  figures  for  the  condi- 
tions given,  the  usual  tests  should  be  made  for  short  circuits  or 
grounds.  The  latter  will  be  the  ease  also  when  the  ammeter  shows 
any  discharge  reading  with  all  lamps  off.  Any  discharge  under 
such  conditions  is  leakage.  However  small  it  may  be,  it  should  be 
investigated  at  once,  as  it  will  run  the  battery  down.  The  trouble 
may  consist  of  a  short  circuit  ui  one  of  the  lighting  circuits  or  it  may 
be  due  to  current  flowing  back  through  the  generator  caused  by  the 
failure  of  the  cut-out  to  work  properly.  In  case  the  lamps  burn 
dimly  when  the  generator  is  at  rest,  it  indicates  that  the  charging 
rate  is  not  sufficient  to  keep  the  battery  up.    This  may  be  eaw^ifc^ 
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by  a  great  deal  of  night  running  with  the  ballast  coil  in  the  diaiging 
circuity  as  the  charging  rate  is  then  only  about  5  amperes.  In  the 
majority  of  instances,  however,  it  will  be  found,  probably,  that 
the  battery  itself  is  responsible.  For  instructions  on  batt^y  miun- 
tenance,  see  end  of  this  article. 

The  battery  furnished  on  the  Mercer  has  a  capacity  of  120 
ampere-hours.  The  starting  motor  takes  approximately  200  amperes 
for  its  operation  which,  with  the  engine  in  good  condition,  should 
not  consume  more  than  10  seconds  for  each  etart.  To  replenish  the 
current  consumed  by  starting  twelve  times  in  a  day,  or  say  a  total 
of  two  minutes'  operation  of  the  starting  motor  at  the  200-ampere 
rate,  the  engine  would  have  to  run  only  about  half  an  hour  at  the 
average  charging  rate  of  15  amperes.  With  the  current  consumed 
by  the  lamps,  based  upon  their  use  for  5  hours  per  night,  plus  the 
natural  deterioration  losses  of  the  battery,  drop  in  efficiency  through 
switches,  contacts,  and  wiring,  approximately  two  hours  of  daylight 
running  would  be  required  to  keep  the  battery  fully  charged.  Night 
running  can  be  disregarded  where  battery  charg^g  is  concerned, 
as  the  total  consumption  of  the  lamps  is  practically  the  equivalent 
of  the  average  charging  rate.  An  undue  brilliancy  of  the  lamps 
would  indicate  a  battery  wire  off  or  loose  and  should  be 
investigated. 

Fv^es,  When  ammeter  shows  no  reading  of  charging  current 
with  the  engine  running,  the  most  likely  place  to  look  for  the  trouble 
is  the  fuse  protecting  the  generator  field  circuit.  (This  applies  to 
all  generators  so  equipped.)  The  field  fuse  of  the  Bosch-Rushmore 
generator  is  located  on  the  distributing  board,  and  it  may  be  tested 
by  short-circuiting  the  ends  of  the  fuse  cartridge  with  a  pair  of  pliers, 
a  screw  driver,  or  other  piece  of  metal.  In  case  the  ammeter  then 
registers  a  charging  current,  the  fuse  has  been  blown  out  and  should 
be  replaced  with  another  of  the  same  type  and  capacity.  As  all 
circuits,  except  the  starting  motor,  are  fused,  a  similar  test  can  be 
carried  out  in  case  of  the  failure  of  any  of  them.  The  blowing  of  a 
fuse  is  usually  due  to  a  short  circuit,  and  before  replacing  it,  the 
reading  on  the  ammeter  should  be  noted  when  the  fuse  terminals 
are  short-circuited  with  the  pliers,  the  generator  being  idle.  A 
short  circuit  will  be  indicated  by  the  needle  of  the  anuneter  moving 
sharply  to  the  limit  of  its  travel  on  the  scale.    The  use  of  the  testing 
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■mp  for  finding  short  circuits  is  given  in  connection  with  the  instruc- 
tkms  under  Auto-Lite,  Delco,  Gray  &  Davis,  and  other  systems. 

Gear  Meahing.  Faliure  of  the  starting  motor  to  operate  will  be 
lue  to  an  exhausted  battery  in  the  majority  of  instances,  but  on 
:srs  that  have  seen  considerable  service,  it  may  be  caused  by  a 
Kttling  or  distortion  of  the  frame  resulting  in  binding  of  the  gear 
teeth  too  tightly.  This  may  be  corrected  by  readjusting  the  mounting 
of  the  starting  motor  in  its  supporting  cradle  so  that  the  gears  mesh 
i]iiite  loosely.  It  should  always  be  possible  to  push  the  gears  into 
mesh  by  hand  without  any  effort.  Unusually  slow  operation  of  the 
itarting  switch  may  also  cause  failure  of  the  starting  motor  to 
^rate  properly.  The  first  contact  of  the  switch  places  a  smalt 
re«stance  in  the  circuit  and  too  long  a  delay  may  overheat  this 
resistance  to  such  an  extent  aa  to  bum  it  out.  Over-rapid  operatioa 
■d  the  switch  may  also  cause  failure  to  start  as  the  gears  are  not 
tDowed  to  mesh.  This  will  be  indicated  by  their  clashing  and  by 
the  spinning  of  the  starting  motor.  The  switch  should  be  given  a 
XHoparatively  slow  but  steady  movement  from  first  to  second  contacL 
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SYSTEMS— (Continued) 


PRACTICAL  ANALYSIS  OF  TYPES— (Continued) 

DELCO  SYSTEM 

Six-Volt;  Sincle-Unit;  Single-Wire 


,  vyMuinniM.  The  d>-namotor  is  usually  referred  to  as  a  tnotor- 
■bntor,  though  it  is  actually  a  generator-motor,  i.e.,  a  dynamo- 
Notf  idiidi  has  been  shortened  to  dynamotor.  This  term  has  been 
loflted  by  the  Society  of  Automobile  Engineers  to  designate  the 
nabination  unit  in  question.  A  motor-generator  as  employefl  for 
inaforming  ahernating  current  to  direct  current  consists  of  two 
p«rate  units:  a  motor  driven  by  alternating  current  and  a.  dynamo 
vierating  direct  current,  mounted  on  the  same  bed,  and  with  their 
maturr  shafts  directly  coupled. 
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aualkT  it  die  r^o  ?B>iicg  gears  b  incorporated  an  over-runnin:; 
datti  ■■tidi  wfajej  the  stuting  motor  from  the  engine  in  case  tht 
latter  i^iokl  be  speeded  up  without  dbengaging  the  starting  gear$, 
thus  {Meventiiig  damage  lo  ifae  starting  motor  by  running  it  at  an 
excessive  speed. 

CootniL  TSe  necessary  switches  for  putting  the  generator  m 
circuit  to  charge  the  batteiy.  and  to  cut  it  out  of  this  circuit  and  put 
the  starting  motor  in  circuit  with  the  battery  to  turn  the  engine 
over,  are  buih  into  the  machine  and  take  the  form  of  lifting  bnuhe?. 
Their  operatioD  b  as  foUows: 

To  start,  the  ignhioQ  bunon  on  the  switch  panel  on  the  da^ih  i'^ 
first  pulled  out.    Thb  comiects  the  storage  batte^^-  with  the  ignition 
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(•iix-uit  ami  with  the  armature  of  the  dj-namotor  through  a  resistance 
which  inrniits  only  a  current  of  small  value  to  pass.  Thb  current 
■i,*>rtV.f  the  generator  and  causes  its  armature  to  rotate  slowly, 
Sixii^  it  just  enough  speed  to  facilitate  the  meshing  of  the  starting 
jy^rs.  Tlio  starting  pedal  is  then  depressed  and  during  the  first 
{wri  »>f  its  travel  it  serves  to  engage  the  gears,  Fig.  238.  Then  it 
w^!Mt«x»-s  the  pin  /'.  Fig.  2:1ft.  allowing  the  motor  brush  switch  to 
■-■.■«U-  ^^vl^J^^-t  with  the  niotor  commutator.  At  the  same  time  it 
v-*;;.^'*  tV  js^«T»tor  switch  to  open,  thus  cutting  out  the  generator 
vtu«;^  ?Si-  %-t^;-.k:;i#  oi'craiii'U.  As  soon  as  the  motor  brush  makes 
v\>iK*A.  SV  i'^U  v-^irwnl  fft»m  the  Iwttery  passes  through  the  series- 
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PART  V 


ELECTRIC    STARTING  AND   LIGHTING 

SYSTEMS— (Continued) 


PRACTICAL  ANALYSIS  OF  TYPES— (Continued) 

DELCO   SYSTEM 
Six-Volt;  Sinsle-Unit;  Single-Wire 

P]fiiailiotor.    The  dynamotor  is  usually  referred  to  as  a  motor- 

*,  though  it  is  actually  a  generator-motor,  i.e.,  a  dynamo- 

motoi*  which  has  been  shortened  to  dynamotor.    This  term  has  been 

•dopted  by  the  Society  of  Automobile  Engineers  to  designate  the 

^'oombination  unit  in  question.    A  motor-generator  as  employed  for 

js^'tnusfonning  alternating  current  to  direct  current  consists  of  two 

kte  units:  a  motor  driven  by  alternating  current  and  a  dynamo 

iting  direct  current,  mounted  on  the  same  bed,  and  with  their 

shafts  directly  coupled. 

The  Deloo  single-unit  machine  consists  of  two  separate  field 

and  two  independent  armature  windings,  the  latter  being 

to  separate  commutators  at  either  end  of  the  shaft.    In 

ktion  with  this  is  an  ignition  timer  and  distributor  mounted 

the  generator  end  and  driven  from  the  armature  shaft  through 

gears.    The  generator  is  driven  from  the  pump  shaft  of  the 

through  an  over-running  clutch  which  permits  the  armature 

|b  run  free  when  the  unit  is  operating  as  a  starting  motor.    At  the 

lAarter  end,  the  armature  shaft  carries  a  small  pinion  meshing  with 

the  larger  unit  of  a  pair  of  sliding  gears,  the  smaller  of  which  is 

adapted  to  slide  into  engagement  with  the  gear  ring  of  the  fl^-wheel. 

This  arrangement  is  shown  clearly  in  Fig.  238;  it  provides  a  double 

gear  reduction  between  the  starting  motor  and  the  engme.    Itv  \}^^ 
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anaBei-  (4  xbe  Tro  stktinp  geus  is  incniporated  an  oi-er-ninnit^ 
dinrli  viiidi  wieaapi.  the  suiting  motor  fawn  the  engine  in  case  the 
kner  f^KioM  be  ffmdcd  tip  witliout  dismgaging  the  starting  gears, 
thus  iM^-miing  damage  to  tbr  starting  laotat  by  nmniug  it  at  an 
excessive  ^peeJ. 

CootroL  lite  Dm9sar>'  switches  for  putting  the  gen^vtor  in 
nmiii  lo  ciiarjT  the  balieni'.  and  to  cut  it  out  tA  this  circuit  and  put 
the  starting  motor  in  circuit  vith  the  batter?'  to  turn  the  engine 
o\'er.  are  buih  into  the  machine  and  take  the  f<Hm  of  lifting  brushes. 
"Rteir  opnaliM]  is  as  follows: 

To  start,  the  ignitiMi  buttMi  on  the  switch  panel  on  the  dash  is 
first  pulled  out.    This  connects  the  storage  battery  with  the  ignition 


Fi(  23S      Diacruu  of  !>!«>  Dj-nuuotor  for  Siwfe-Cut 


circuit  luiil  with  tlu*  armature  nf  the  dynamotor  through  a  resistance 
wliich  jx-miits  only  a  currt-nt  of  -iinall  \alue  to  pass.  This  current 
iniitiirizrs  the  genenitur  and  causes  its  armature  to  rotate  slowly, 
giving  it  just  enoupli  speed  to  facilitate  the  meshing  of  the  starting 
gears.  The  starting  pt^\a\  is  then  depressed  and  during  the  6r3t 
part  of  its  travel  it  serves  to  engage  the  gears,  Fig.  238.  Then  it 
withdraws  the  pin  /*,  Fig.  2;J9,  allowing  the  motor  brush  switch  to 
make  contact  with  the  motor  commutator.  At  the  same  time  it 
causes  the  generator  switch  to  open,  thus  cutting  out  the  generator 
iluring  the  cranking  operation.  As  soon  as  the  motor  brush  makes 
cuntavt,  the  full  current  from  the  battery  passes  through  the  series- 
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field  winding  of  the  motor  element  and  through  the  corresponding 
armature  windings,  and  sets  the  armature  rotating  at  full  speed. 


:^itie-i.  -^rjt   ■*  --■'■  g  out  the 

^■•-^t—r^^  -3t  miE  -;  "ie  jcrcxj?  '•Ar:erj-  as  a 


.  iwr-/* 


wire 


«M-S.    Ill 

oil  the  ! 
OKll  til,- 


re  ir  -jzr  :;"pei  pn>- 
im.'—i  -ue  ir=z  ■;=;»: :■?  a  n^iiUriC* 

Tie  ?srutt":c  itcsj::?  ■;:  a  ioWiwid 
■ae    -:p;   -rf  tz-'IC   Ls?   3   sr-vl  of 

■siiL~^l4'.~  Tii^  ,v.re<:-rpli:r.i:er'' 
ji:it=f  in.  1  btt:^  ■:■:  rjer>:'^/.  arni.  in 
^.-— ^t-.-«  Ttri  Tie  d*pth  to  whiili 
ti:  ijnjs  zi  ■=•?  =srcT:T7.\  more  or  lev- 
it  ■=!«  ^stSAZ-w  ■wire  15  short-(ir- 
TUE»i  r-  lie  laercTir;.-.  The  solenoi'i 
Tr-i^^7  .1  b  cocsiected  in  shunt 
ji:r:«j  lie  cKxnior  wnninals  so  the 
nrr^E.^  5:-*t=z  ihnxi^  it  and  the 
TTii/-^f^.-  e^ect  e3Kneii  by  it  are 
Al~vay~  pcoporaooal  to  the  voltage 
It  the  senenior  terminals.  The 
RStftiDctf  wire  on  the  plun^r  of  the 
foieoobi  i*  in  series  with  the  shunt- 
fieki  wTodin^  of  the  generator.  If 
there  were  no  other  forces  than  the 
buoj-ancy  of  the  inercur>'  and  that 
of  graWt>-  acting  upon  the  plunger  it 
would  remain  at  approximately  the 
same  height,  but  as  the  plunger  is 
iron  it  is  acted  upon  by  the  solenoid 
ninding,  the  effect  being  to  withdraw 
it  from  the  mercur>'  as  the  current 
tlimufrh  the  ninding  of  the  solenoid 
.  piitljii);  mure  im<l  more  of  the  tums  of  re:astance 
111)1  in  cinuit.  Hence,  the  greater  the  current  flowing 
Icnoid  tlie  greater  will  be  the  resistance  in  tircuit  with 
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he  shunt-field  wioding  of  the  generator.  To  overcome  the  effect  of 
smperature  variation  on  its  operation  which  would  cause  the  charging 
ite  to  be  higher  than  intended  at  high  temperatures,  and  vice  versa,  the 
glenoid  is  wound  and  connected  in  series  with  a  resistance  nire  of 
pecial  material  ha^inga  negative  temperature  coefficient  (i.e.,  whose 
lectrical  resistance  decreases  with  an  increase  in  temperature),  so 
hat  the  total  re^stance  of  the  solenoid  circuit  remains  the  same 
pgardless  of  temperature  changes.  With  a  few  exceptions,  such  as 
he  Olds  1915  Model  55,  this  method  of  voltage  regulation  is  not 
mployed  on  cars  subsequent  to  1914. 

Biuking-CvU  Type.  This  is  the  type  of  regulation  usually 
eferred  to  as  inhereTtt  in  that  it  is  accomplished  by  the  windings  of 
he  generator  itself.  The  latter  is  compound  wound  but  the  series 
leld  has  a  reversed  polarity,  so  that  its  effect  is  to  oppose  that  of 
he  shunt  winding. 

Meckantcally  Varied  Resiatanee.  In  this  type  the  same  prin- 
iple  as  that  employed  in  the  first  type  described  is  used,  i.e.,  that 
■f  weakening  the  generator  field  by  increaang  the  amount  of  resist- 
,nce  in  circuit  with  it  in  accordance  with  the  speed,  except  that  it  is 
aried  by  mechanical  means  instead  of  electrical.  The  regulator 
esistance  is  in  the  form  of  a  rheostat,  the  arm  of  which  is  controlled 
ly  a  centrifugal  governor  driven  from  the  shaft  of  the  ignition  dis- 
ributor.  As  the  weighted  element  of  the  governor  expands  under 
he  influence  of  the  increasing  speed,  it  moves  the  arm  of  the  rheostat 
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the  shunt-field  winding  of  the  generator.  To  overcome  the  effect  of 
temperature  variation  on  its  operation  which  would  cause  the  charging 
rate  to  be  higher  than  intended  at  high  temperatures,  and  trice  versa,  the 
solenoid  is  wound  and  connected  in  series  with  a  re^stance  wire  of 
special  material  having  a  negative  temperature  coefficient  (i.e.,  whose 
electrical  resistance  decreases  with  an  increase  in  temperature),  so 
that  the  total  resistance  of  the  solenoid  circuit  remains  the  same 
regardless  of  temperature  changes.  With  a  few  exceptions,  such  as 
the  Olds  1915  Model  55,  this  method  of  voltage  regulation  is  not 
employed  on  cars  subsequent  to  1914. 

Bucking-Coil  Type.  This  is  the  type  of  regulation  usually 
referred  to  as  inherent  in  that  it  is  accomplished  by  the  windings  of 
the  generator  itself.  The  latter  is  compound  wound  but  the  series 
field  has  a  reversed  polarity,  so  that  its  effect  is  to  oppose  that  of 
the  shunt  winding. 

Mechanically  Varied  Resistance.  In  this  type  the  same  prin- 
ciple as  that  employed  in  the  first  type  described  is  used,  i.e.,  that 
of  weakening  the  generator  field  by  increasing  the  amount  of  resist- 
ance in  circuit  with  it  in  accordance  with  the  speed,  except  that  it  is 
varied  by  mechanical  means  instead  of  electrical.  The  regulator 
resistance  is  in  the  form  of  a  rheostat,  the  arm  of  which  is  controlled 
by  a  centrifugal  governor  driven  from  the  shaft  of  the  ignition  dis- 
tributor. As  the  weighted  element  of  the  governor  expands  under 
the  influence  of  the  increasing  speed,  it  moves  the  arm  of  the  rheostat 
over  the  contacts  each  of  which  represents  an  added  resistance  to 
the  circuit. 

Both  the  bucking-coil  type  and  the  mechanically  varied  type  of 
regulation  are  employed  in  Delco  systems  installed  on  1915  and 
subsequent  cars,  different  models  of  the  same  make  and  the  same 
year  having  different  systems,  so  that  instructions  for  their  main- 
tenance depend  upon  the  system  employed. 

Third-Brush  Method.  As  the  voltage  generated  varies  directly 
with  the  speed,  it  is  evident  that  to  maintain  a  nearly  constant 
voltage  with  a  variable  speed,  it  becomes  necessary  to  decrease  the 
magnetic  field  as  the  speed  increases.  Since  the  magnetic  field  of 
the  generator  is  produced  by  the  current  in  the  shunt-field  winding, 
a  decrease  in  this  current  as  the  speed  increases  will  regulate  the 
output*    Bearing  in  mind  that  a  current  always  produces  a  vx^^- 
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3hunl  Fimld  Winding  which  produces 
fhB  Magnetic  Field 


Betic  field,  whether  the  ktter  is  desired  or  not,  the  theory  of  this 
method  of  regulation  will  be  clear  from  the  following  reference  to 
Fig.  241.  The  full  voltage  of  the  generator  is  obtained  from  the 
brushes  C  and  Z).  When  the  magnetic  fi<^ld  from  the  pole  pieces 
N  and  S  is  not  disturbed  by  any  other  influence,  each  ccmI  is  gener- 
ating uniformly  as  it  passes  imder  the  pole  pieces;  the  voltage  from 
one  commutator  bar  to  the  next  is  practically  uniform  all  aroimd 
the  commutator.  Therefore,  the  voltage  from  brush  C  to  brush. £ 
is  about  5  volts,  when  the  total  vdtage  between  the  main  brushes 
C  and  D  is  6}  volts  and  current  at  5  volts'  pressure  is  supplied  to  the 

shuntpfield  winding.  Tliis 
voltage  is  sufficient  to 
cause  approximately  \\ 
amperes  to  flow  through 
that  winding. 

As  the  speed  in- 
creases,  the  voltage  does 
likewise,  charging  the 
battery.  This  charging 
current  flows  through  the 
armature  winding  caus- 
ing a  magnetic  effect  in 
the  direction  of  the  arrow 
B  and  the  latter  acts 
upon  the  main  magnetic 
field,   which  b  in    the 

Fig.  241.    Delco  Third-Brush  Regulator  direction  of  A,  with  thc 

result  that  the  latter  is  twisted  or  distorted  out  of  its  original 
position,  in  much  the  same  manner  as  two  streams  of  water  meet- 
ing are  deflected  from  their  original  directions.  This  deflection 
causes  the  magnetic  field  to  be  strong  at  the  pole  tips  0  and  F,  and 
weak  at  the  opposite  tips,  with  the  result  that  the  coils  generate  a 
very  low  voltiige  while  passing  from  brush  C  to  brush  E  (the  coils 
at  this  time  are  under  the  pole  tips  having  a  weak  field)  and  produce 
the  greater  part  of  their  voltage  while  passing  from  brush  E  to 
brush  Z).  The  amount  of  this  variation  depends  upon  the  speed  at 
which  the  generator  is  driven,  thus  decreasing  the  current  supplied 
to  the  shunt  field  as  the  speed  increases. 
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Protective  Devices.  BaUery  Cvt-Out.  In  connection  ^th 
Delco  systems  using  tlie  voltage  regulator  of  the  mercury  type 
already  described,  a  battery  cut-out  or  a  evt-out  relay,  as  it  is  some- 
times termed,  is  employed.  Hg.  242  shows  this  cut-out  together 
with  a  diagram  of  its  windings.  It  con^sts  essentially  of  a  com- 
pound-wound electromagnet  and  a  set  of  contacts  designed  to  be 
closed  by  the  movement  of  the  pivoted  armature  of  the  magnet, 
and  to  be  opened  by  a  spring  when  the  magnet  is  not  excited.  The 
compound  winding  conasts  of  a  voltage  coil  of  a  great  many  turns 


FW'  3i3>    SkBti 


of  fine  wire,  as  shown  at  the  left  of  the  wiring  diagram,  and  a  current 
ooil  of  a  comparatively  few  turns  of  heavier  wire.  As  soon  as  the 
engine  begins  to  drive  the  generator  the  voltage  of  the  latter  "builds 
up"  and  when  It  reaches  a  value  between  6]  and  7i  volts,  the  current 
passes  through  the  voltage  mnding  of  the  electromagnet  and  pro- 
duces sufficient  magnetism  to  overcome  the  tension  of  the  spring  B, 
attracttog  the  armature  C  to  the  core  D  which  closes  the  contacts 
at  A,  lliese  contacts  close  the  circuit  between  the  generator  and 
the  Btorage  battery  and  the  whole  output  of  the  generator  theu  ftova 
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through  the  current  coil,  greatly  increa^ng  the  magnetism  in  the 
core  in  the  same  direcdon  thus  strengthening  the  pull  on  the  arma- 
ture C  and  holding  the  contacts  tightly  closed.  When  the  generator 
slows  down  and  the  voltage  drops  below  that  of  the  battery,  current 
flows  front  the  Utter  to  the  generator  through  the  current  coil  in 
the  reverse  direction.  But,  as  the  voltage  coil  is  directly  in  circuit 
with  the  generator,  the  flow  of  current  through  it  continues  in  the 
same  direction,  so  that  the  magnetizing  effect  of  the  battery  current 
through  the  current  coil  opposes  that  produced  by  the  voltage  coil 
and  the  latter  is  not  sufiicient  to  hold  the  armature  against  the 
spring.  This  causes  the  contact;-  to  open  and  prevent?  any  further 
flow  from  the  battery  through  the  generator.    The  relay  is  designed 


to  cut  out  the  I)attery  K'fore  tlie  discharge  current  reaches  a  value 
of  1  nciiJorc.  As  mentioned  prexiitusly,  hut  few  cars  subsequent  to 
1914  are  fitted  with  systems  iisins  tlie  niercurj-  voltage  regulator  and 
only  these  systomM  arc  equi]ii)c<l  with  a  buttery  cut-out. 

Cirniit  lirmhr.  Delco  systems  fitted  to  cars  subsequent  to 
1914  are  protected  b,\-  a  circuit  breaker.  This  takes  the  place  of 
the  fuse  blo<'k  and  fuses  employed  in  most  other  systems.  It  is 
mounted  on  the  combination  switch  controlling  the  ignition,  gen- 
erator, and  lights,  as  shomi  by  Fig.  243,  The  button  M  controls  the 
magneto  ignition  circuit,  and  the  button  li  the  dry-battery  circuit 
for  the  same  purpose.  In  addition  both  these  buttons  control  the 
circuit  between  the  battery  and  the  generator  for  the  purpose  of 
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TtoTvdnn  the  latter  to  start.  When  the  circuit  is  closed  by  either 
itton  M  or  button  B,  current  flows  from  the  battery  to  the  gen- 
Rtor,  when  the  engine  is  not  running  and  when  it  is  running  at 
eeds  below  300  r.p.m.,  but  the  amount  of  current  flowing  at  the 
west  enpne  speeds  possible  is  so  small  as  to  be  negligible.  With 
le  engine  stopped,  pulling  out  the  button  M  sends  suffident  current 
■rough  the  generator  armature  to  run  it  slowly  as  a  motor  so  that 
le  gears  may  be  meshed  for  starting.  The  amount  of  current  thus 
nployed  b  limited  by  a  resistance  unit  in  series  with  the  shunt 
;ld  of  the  generator. 

In  principle  the  circuit  breaker  is  the  same  as  an  ordinary  elec- 
ic  bell  or  buzzer,  but  its  winding  and  the  spring  controlling  its 
-mature  are  such  that  it  comes  into  action  only  when  a  heavy 
urent  passes  through  it.  It  is  included  in  every  circuit  of  the 
ectrical  system,  including  the  ignition,  with  the  exception  of  the 
arting-motor  circuit,  so  that  all  the  current  used  for  every  purpose 
:cept  starting  passes  through  it.  But  as  long  as  the  lamps,  igni- 
on,  and  horn  are  consuming  the  normal  amount  of  current,  it  is 
)t  affected.  In  case  any  of  the  wires  of  these  circuits  becomes 
ounded,  however,  a  heavy  current  passes  through  the  circuit 
-eaker,  thus  produdng  a  strong  magnetic  pull  which  attracts  the 
mature  and  breaks  the  drcuit.  This  cuts  off  the  flow  of  current  and 
e  spring  again  closes  the  contacts,  causing  the  circuit  breaker  to  pass 
I  intermittent  current  by  vibrating  its  armature.    A  current  of  25 
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gresnve  steps  represented  by  each  succeeding  year;  also  because 
there  are  a  great  many  of  these  cars  still  in  use.  Twelve  cells  of 
battery  were  employed  though  the  dynamo  generated  current  at 
7  to  8  volts  (nominally  a  6-volt  system),  and  as  shown  by  the  dia- 
gram which  illustrates  the  connections  of  the  generator  circuit,  the 
battery  was  divided  into  four  groups  of  three  cells  each  in  series- 
multiple  for  charging.  An  ampere-hour  meter  showed  the  state  of 
charge  of  the  battery  and  also  indicated  how  much  current  was 
consumed  by  the  various  circuits,  including  the  starting  motor. 
Regulation  was  by  means  of  extra  resistance  inserted  in  the  field 
circuit  of  the  generator  and  an  automatic  battery  cut-out  was 
employed.  The  diagram  shown  in  Fig.  244  is  applicable  to  the  con- 
nections of  all  the  Deico  6 — 24-voIt  systems  in  use,  when  the  machine 
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difference  being  the 
substitution  of  the 
motor  brush  switch 
for  the  external  switch 
controlling  the  start- 
ing motor.  The  fuses 
were  also  replaced  by 
two  circuit  breakers, 
one  for  the  main  light- 
ing circuits  and  igni- 
tion, and  the  other 
for  the  auxiliary 
lamps,  horn,  and  the 
gear-changing  sole- 
noids, the  model  of 
that  year  being 
equipped  with  an  elec- 
tric magnetic  gear  shift 
in  the  transmission. 

In  the  1915  wir- 
ing diagram,  Fig.  247, 
the  method  of  regulat- 
ing the  generator  has 
been  changed  to  the 
mechanically  varied 
resistance  already  de- 
scribed.  One  circuit 
breaker  protects  all 
fuses  and  a  rotary- 
form  of  combination 
switch  controls  all  the 
circuits. 

Buick.  Twodif- 
erent  types  are  em- 
ployed on  the  1915 
modek,  the  only  dis- 
tinction, however, 
being  in  the  method  of 
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generator  r^ulation.  That  of  Models  C24  and  C25  is  by  means  of 
the  reversed  series-field  winding  or  bucking  coil,  while  that  of  Models 
C36  and  037  utilizes  the  mechanically  varied  resistance  or  rheostat 
operated  by  a  centrifugal  governor,  as  shown  in  Fig.  249,  The  buttons 
M  and  B,  m  each  instance,  control  the  ignition  circuit,  depending 
upon  whether  the  storage  or  the  dry  battery  is  called  upon  for  the 
ignition  current  as  well  as  for  the  current  to  motorize  the  generator 
preliminary  to  starting.  The  remaining  three  buttons  of  the  com- 
bination switch  control  the  lights  and  dimming  resistance  and  it  will 
lie  noted  that  the  circuit-breaker  forms  a  part  of  every  one  of  the 
circuits  except  that  of  the  starting  motor. 

On  the  1916  Buick  models,  the  generator  is  regulated  by  the 
third-brush  method;  the  brush  switches  are  operated  by  the  starting 
pe<Ial;  only  the  lighting  circuits  are  protected  by  the  circuit-breaker, 
and  an  ammeter  is  inserted  in  the  circuit  with  the  latter.  Fig.  250. 
No  mention  is  made  of  the  (^tails  of  any  of  the  ignition  circuits  in 
these  diagrams  as  that  is  taken  up  in  the  section  on  Ignition.  Apart 
fmm  the  fact  that  the  Oakland  Model  50  has  a  4-po!e  motor  winding 
instead  of  the  bipolar  type  shown  in  all  the  previous  diagrams,  the 
wiring  diagrams  of  the  Oakland  models  for  1916  are  the  same  as 
those  shown  for  the  Buick.  On  the  two  1915  models  of  the  Cole, 
the  di.stinction  between  the  wiring  diagrams  is  the  same  as  that 
mentioned  for  the  two  classes  of  Buick  mtnlels  of  the  same  >car, 
i*.,  one  having  the  reversed  series  field,  and  the  other  the  variable 
resistance  controlled   by   the   governor — the   combination    switch, 


384 


ELECTRICAL  EQUIPMENT 


some  switch  which  closes  the  ignition  drcuit  puts  the  generator  b 
circuit,  as  explained  in  connection  with  the  wiring  ditigraiQ.  If  the 
generator  armature  could  not  revolve,  its  resistance  would  be  vtry 
low,  so  that  a  heavy  discharge  would  take  place,  but  as  it  is  permitted 


to  become  motorized,  its  armature  builds  up  a  strong  counter  e.m.f.,  as 
explained  under  Electric-Motor  Principles,  Part  I,  thus  greatly 
increasing  the  resistance  and  greatly  decreasing  the  amount  of  current 
that  will  pass  through  it. 
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Regulation.  The  regulation  is  of  the  third-brush  type,  which 
has  already  been  cxpliiiued  in  detail  in  connection  with  the  angle- 
unit  Delco  system. 

Starting  Molor.  Fig.  252  shows  a  longitudinal  view  of  the  start- 
ing motor  fitted  with  the  Beiidix  drive,  while  an  end  view  of  the  motor, 
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illustrating  the  commutator  and  brushes,  is  shown  in  Fig.  253.  Iliis 
motor  is  of  the  multipolar  type,  and  its  method  of  control  differs  from 
the  single-unit  type  in 
not  empbying  the  brush 
switch. 

Starting  Switch.  A 
pedal-operated  plunger 
tj-pe  of  switch  is  employed, 
for  which  the  advantage 
is  claimed  that  its  con- 
tacts are  self-cleaning. 
The  method  of  effecting 
this  will  be  apparent  from 
the  part-sectional  view  of 
the  switch,  Fig.  254.  The 
switch  is  in  barrel  form, 
with  the  springs  incor- 
porated in  the  plunger, 
v.U\\f  the  stationary  and 
movable  contacts  arc  given 
m  contour  that  causes  them 
to  scrape  against  each 
other  when  coming  into 
contact,  thus  keeping 
thrse  surfaces  briKbt. 
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controlling  them  differs.  Likewise  that  all  of  these,  with  the 
exception  of  the  ignition,  are  protected  by  the  circuit-breaker.  The 
lighting  circuits  appear  more  complicated  simply  because  there  is 
an  extra  light  (tonneau  light)  and  two  additional  accessories,  i.e.,  a 
connection  for  an  electric  cigar  lighter  and  one  for  an  electric  clock. 
The  chief  difference  is  in  the  generator  and  the  starting-motor 
circuits.  An  unusual  feature  in  this  essential  is  a  two-part  switch 
member  which  controls  the  ignition  and  the  generator  nrcuits.  By 
this  method,  opening  the  ignition  switch  opens  the  circuit  between 
the  storage  battery  and  the  generator,  so  that  a  battery  cut-out  is 
dispensed  with.  There  is,  even  tinder  the  most  favorable  conditions, 
a  perceptible  interval  between  the  closing  of  the  ignition  switch  and 
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The  face  of  the  starting  switch  and  the  details  of  the  connections 
on  its  reverse  are  shown  in  Fig.  256. 

Delco  Instructions 

Qeneral  Instructions.  If  the  starter,  lights,  and  horn  all  fail, 
the  trouble  is  in  the  storage  battery  or  in  its  connections,  one  of  the 
connections  being  loose  or  corroded,  or  one  of  the  battery  jars  being 
broken.  When  the  lights,  ignition,  and  horn  all  work  normally  but  the 
starter  fails  to  operate,  the  trouble  is  in  the  motor-generator,  or  d\Tia- 
motor,  and  may  be  caused  by  the  motor  brush  switch  not  dropping  on 
the  commutator,  or  by  dirt  or  grease  on  the  commutator.  Chjring  to  the 
heavy  current  required  by  the  motor  in  starting,  if  the  lights  are  on 
at  the  time,  they  will  become  dim  when  the  starting  circuit  is  closed 
but  remain  so  only  momentarily.  In  case  they  go  out  or  become 
very  dim  when  the  starting-motor  circuit  is  closed,  it  indicates  that 
the  battery  is  practically  depleted.  When  the  motor  fires  properly 
on  the  M  button  of  the  combination  switch,  but  not  on  the  B  button, 
the  wiring  between  the  dry  cells  or  the  connection  from  the  dr>' 
cells  to  the  combination  switch  must  be  at  fault.  When  the  igni- 
tion works  all  right  on  button  B,  but  not  on  M,  the  trouble  must 
be  in  the  leads  running  from  the  storage  battery  to  the  generator, 
or  in  the  lead  running  from  the  small  terminal  on  the  generator  to 
the  combination  switch,  or  in  the  battery  connections,  either  of  the 
cells  themselves  or  the  ground  connections.  If  the  supply  of  cur- 
rent from  both  the  dry  cells  and  the  storage  battery  is  ample,  yet 
both  ignition  systems  fail,  trouble  should  be  sought  first  at  the  timer 
contacts,  then  the  coil,  resistance  unit,  and  the  condenser.  An 
examination  of  the  timer  contacts  will  show  whether  they  are  clean, 
scjuare,  and  in  good  working  condition;  if  badly  burned  and  pitted, 
true  them  up  square  with  a  strip  of  fine  emery  cloth  or  a  very  fine 
flat  file.  The  coil,  resistance  unit,  and  condenser  may  be  tried  out 
with  the  test-lamp  outfit.  If  the  lamp  lights  when  contact  is  made 
through  the  terminals  of  the  coil  or  the  resistance  unit,  it  indicates 
that  nothing  is  wrong  with  them,  but  if  it  lights  on  the  condenser  it 
shows  that  the  insulation  of  the  latter  has  broken  down,  as  there 
should  be  no  circuit  through  the  condenser.  The  only  remedy  is 
to  replace  it.  All  of  the  units  mentioned  work  in  the  same  capadty 
for  each  system  of  ignition. 
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If,  for  purposes  of  making  tests,  it  becomes  necessary  to  remov 
of  the  electrical  apparatus  from  the  car,  or  to  make  any  adjusi 
its,  the  storage  battery  should  first  be  disconnected.  This  ca 
done  most  conveniently  by  removing  the  ground  connection  an 
iding  the  bare  terminal  with  electrician's  tape  so  that  it  cannc 
ne  in  contact  with  anything  that  would  cause  a  short-circui 
le  car  should  not  be  run  with  the  storage  battery  disconnecte 
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driven  a  great  deal  during  the  day  and  very  little  at  night.  As  a 
result,  considerable  more  current  is  generated  than  can  be  used  to 
advantage.  An  indication  of  this  will  be  found  in  the  frequent 
necessity  for  adding  water  to  the  cells  of  the  battery,  or  the  fact  that 
the  battery  is  constantly  gassing.  In  a  case  that  recently  came  to 
the  writer's  attention,  the  owner  of  the  car  complained  that  the  bat- 
tery was  no  good  because  it  was  always  boiling.  It  boiled  so  con- 
tinually and  so  violently  that  it  eventually  had  to  be  replaced.  The 
complaint,  in  the  average  case,  is  that  the  battery  is  undercharged 
rather  than  overcharged.  Unless  trouble  is  experienced  because  of 
the  battery  gassing  too  much  or  needing  water  too  frequently,  the 
charging  rate  should  not  be  altered.  When  necessar>%  the  alteration 
may  be  made  as  follows:  It  will  be  noted  in  Fig.  257  that  the  third 
brush  is  carried  on  a  brush  arm  made  in  two  pieces  and  that  the  part 
to  which  the  brush  is  fastened  has  a  slot  through  which  pass  two 
screws,  attaching  it  to  the  other  part.  By  loosening  these  screws,  one 
part  may  be  slid  on  the  other,  thus  increasing  or  decreasing  the  length 
of  the  arm.  When  the  arm  is  shortened,  the  charging  rate  is  decreased ; 
and  when  the  arm  is  lengthened  the  charging  rate  is  increased.  Care 
should  be  taken  to  sand-in  the  brush  whenever  it  has  been  shifted  in 
order  to  insure  good  contact  with  the  commutator.  (See  Instructions 
for  Seating  Generator  and  Motor  Brushes.)  The  screws  on  the  brush 
arm  must  be  firmly  tightened  after  adjusting  to  prevent  slipping. 

The  charging  rate  of  this  type  of  Delco  generator  is  higher  at  low- 
car  speeds  than  on  some  machines  of  an  earlier  type,  so  that  the 
maximum  should  be  kept  somewhat  below  the  value  that  would 
be  used  for  earlier  machines.  In  most  cases  14  to  16  amperes  will  be 
ample,  and  in  no  case  should  it  exceed  20  amperes.  Readings  should 
be  taken  at  the  ammeter  on  the  cowl  switch,  which  indicates  the 
amount  of  current  going  to  the  battery  but  does  not  include 
the  ignition  current. 

The  foregoing  instructions  for  altering  the  charging  rate  apply 
only  to  machines  having  the  third  brush  mounted  on  an  adjustable 
arm,  as  different  methods  of  moving  the  brush  are  provided  on  other 
types.  The  principle  of  adjustment,  however,  is  always  the  same, 
i.e.,  moving  the  third  brush  closer  to  the  nearest  main  brush  increases 
the  output  and  moving  it  away  from  this  brush,  decreases  it.  The 
third  brush  nmst  never  be  allowed  to  come  in  contact  with  the  main 
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brush.  In  the  case  of  the  Delco  generator  under  consideration,  the 
chfti^ng  rate  should  reach  a  maximum  at  a  speed  of  15  to  20  miles 
per  hour  and  then  drop  off  as  the  speed  increases  beyond  this  point. 

Tests  of  Wiring.  Loeatirtg  Grounds.  By  referring  to  any  of  the 
Delco  diagrams  of  the  one-wire  type,  it  will  be  noted  that  certain 
parts  of  the  circuits  are  normally  grounded,  i.e.,  they  are  connected  to 
the  common  return  represented  by  the  chassis  of  the  car.  For 
example,  the  negative  battery  terminal,  one  terminal  of  each  lamp, 
(me  motor,  one  generator  brush,  one  timer  contact,  one  terminal 
of  the  horn  push  button,  and  one  terminal  of  the  condenser  in  the  coil 
are  grounded.  Before  testing  the  wiring  for  grounds,  it  will  accord- 
ingly be  necessary  to  remove  these  nonnal,  or  intentional,  grounds. 
This  is  carried  out,  in  the  order  in  which  they  are  mentioned,  by 
disconnecting  the  negative  battery  lead  and  removing  all  the  lamps, 
placing  a  piece  of  cardboard  between  each  generator  and  each  motor 
brush,  including  the  third  brush  of  the  former  and  the  commutator 
against  which  it  ordinarily  bears,  disconnecting  the  leads  from 
the  horn  button  and  from  the  distributor,  and  raising  the  base  of  the 
ignition  coil  so  that  it  is  insulated  from  the  top  cover  of  the  generator 
motor.    The  system  will  then  be  in  the  condition  shown  in  Fig.  258. 

One  of  the  test  points  is  then  placed  on  the  frame  of  the  car  and 
the  other  point  on  the  negative  terminal  A  of  the  battery.  If  the 
tamp  lights,  it  will  indicate  a  ground  somewhere  on  the  snitch  or  in 
the  motor  windings  (all  of  the  switch  buttons  being  pu.shod  in). 
Then,  with  one  test  point  still  grounded  on  the  frame  of  the  car,  test 
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I/xaling  Breaks  in  Wires.  Where  the  failure  of  the  appan 
ill  a  jjarticular  circuit  makes  it  apparent  tliat  a  wire,  or  lead,  mq 
broken,  it  may  be  tested  by  placing  one  of  the  points  on  each  en 
tlie  wire  in  question.  The  lifting  of  the  lamp  will  indicate  that  tl 
is  a  complete  circuit  through  the  wire,  while  its  failure  to  ligb 
evidence  of  a  break  in  the  wire.  If  at  all  difficult  to  lotmttt  the  b 
the  easiest  method  of  repairing  it  la  to  replace  the  wire  with  a  new  h 
•f  the  same  size  and  tj-pe  of  insulation.  Tlie  method  of  can; 
otit  this  lust  test  is  illustrated  in  Fig.  260  and  it  is  naturall,\'  applic 
to  any  of  the  wires,  not  only  of  this  type  of  installation  but  of  i 
otlier  ligiiting  and  starting  system.  In  making  this  test,  care  must 
tfiken  not  tn  apply  the  points  at  places  on  the  terminals  wbov 
ground  connection  will  result,  as  tills  will  complete  the  circuit  thrCM 
tlie  lamp  without  the  current  passing  through  the  wire  supposa 
nnder  test.  Tliis  metliod  of  locating  grounds,  ^hort-drcuitS, 
()]>en  circuits  will  be  found  much  better  than  the  use  of  a  buzzer,  I 
or  nmgneto,  and  it  is  recommended  wherever  a  110-volt  current 
a^ailiiblc.  However,  whore  it  is  not  available,  a  lamp,  bell,  bun 
or  the  {Hirtable  voltmeter  may  be  used  in  connection  with  the  stem 
Inittcry  on  the  car,  after  detaching  its  usual  connections  to  1 
system. 

Testing  Cut>Out.  If  the  battery  is  not  charging  properly,  1 
}:i-n('rati>r  being  in  gmxl  condition,  or  it  ts  discharging  too  inu( 
<-urn'iit  tlirou^'li  tlie  cut-out,  the  latter  should  be  testnl  and  adjust 
to  rcnuily  the  tnmble.  Tlic  cut-out  is  designed  to  close  when  tlw 
vi<li:iKe  acrnss  the  terminals  of  the  voltage  coil  is  6i  to  7}  voltt. 
To  I'lii't'k  tills  ii  voltmeter  should  be  connected  across  the  tennina^ 
iii)li[i<;  the  iTiiilin;;  :Lt  the  )H)int  that  the  contacts  dose.  It  ii 
ili'<ii.'iu'ii  til  break  the  eireutt  when  the  discharge  current  ia  levtlian 
I  ;inipiTi',  iinlViiibly  as  close  to  tlie  zero  mark  as  posuble  to  n 
the  jire  on  brejikiiiK  the  eoiitacts.  This  can  be  checked  by  p 
:in  iininieter  in  the  eircuit  in  .series  with  the  current  coil  of  thee 
iiiit,  iiotiTif:  the  v:iliie  of  the  tum'iit  at  the  moment  that  the  o 
se]Kir;iti'.     When  iirnpi'i'Iy  luljiisteil  theuirgap  shouldbe  ^illdl. 

To  adjust  the  cni-iiiii.  the  iiilhience  of  both  the  air  gap  and  of 
the  sjiriii^  li'iision  niii>t  be  taken  into  consideration.  Hie  air  gap 
has  little  or  no  ell'eet  u|iuii  the  point  uf  eiit-out,  this  *>eing  governed 
almost  cntiri'ly  by  the  s]iriiig  tension,  whereas  tlie  point  of  cutting 
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in  is  governed  by  both  the  air  gap  and  the  spring  tension.  The 
following  examples  will  illustrate  the  adjustments  necessary  in  cases 
of  excess  voltage  and  current,  excess  voltage  alone,  insufficient  volt- 
age and  excess  current,  and  insufficient  voltage  alone. 

Where  the  relay  cuts  in  at  8  volts  and  cuts  out  when  the  discharge 
current  is  2  amperes:  Decrease  the  air  gap,  as  this  will  lower  the 
voltage  of  the  cut-in  point,  but  it  will  also  increase  the  discharge 
current  on  cutting  out.  To  overcome  the  latter,  increase  the  spring 
tension  slightly,  noting  the  effect  on  the  ammeter  until  the  latter 
registers  less  than  1  ampere  on  cutting  out. 

Where  the  relay  cuts  in  at  8  volts  and  cuts  out  at  1  ampere: 
Decrease  the  spring  tension  as  this  will  cause  the  relay  to  cut  in  at  a 
lower  voltage  and  also  to  cut  out  after  the  current  starts  to  dis- 
charge through  it. 

Where  the  relay  cuts  in  at  6  volts  and  cuts  out  at  2  amperes: 
Increase  the  spring  tension,  causing  the  relay  to  cut  in  at  a  higher 
voltage  and  also  to  cut  out  at  a  discharge-current  value  of  less  than 
2  amperes. 

Where  the  relay  cuts  in  at  6  volts  and  cuts  out  with  a  discharge 
current  of  1  ampere:  Increase  the  air  gap  slightly  and  also  increase 
the  spring  tension  so  as  to  cause  the  relay  to  cut  in  at  a  higher  volt- 
age and  also  cut  out  at  a  discharge  current  of  less  than  1  ampere. 

In  this  connection  cut  in  signifies  the  closing  of  the  contacts 
when  the  voltage  coil  becomes  energized  as  the  generator  starts  up; 
cut  out  indicates  the  opening  of  the  generator  battery  circuit  when 
the  current  from  the  battery  reverses  the  polarity  of  the  current 
coil  of  the  relay,  thus  opening  the  circuit  and  cutting  out  the  gener- 
ator from  the  battery  circuit  when  the  generator  slows  down  and 
there  is  insufficient  voltage  for  charging  the  batter>\  While  these 
instructions  apply  particularly  to  the  Delco  relay  or  cut-out,  all 
devices  of  this  nature  operate  on  the  same  principles. 

Before  making  any  adjustments,  the  contact  points  should  be 
examined.  If  they  are  blackened  or  pitted,  take  two  narrow  strips 
of  emery  cloth  about  %  inch  wide  and  both  the  same  length.  Place 
them  together,  emery  sides  out,  insert  betw^een  the  contacts  and 
while  an  assistant  holds  the  points  together,  draw  back  and  forth. 
If  no  assistance  be  obtainable,  use  a  single  strip  and  apply  alter- 
nately to  each  contact  point  until  its  face  is  bright  all  over  and  true 
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So  that  when  the  two  points  come  together  they  touch  evenly  all 
Over  their  surfaces.  Do  not  take  off  any  more  than  is  necessary  for 
this  purpose,  particularly  where  the  contacts  are  platinum,  as  this 
simply  wears  them  away  uselessly  and  they  are  very  expensive  to 
replace.  After  cleaaing,  test  for  cutting  in  voltage  and  cutting  out 
current  and  it  frequently  will  be  found  that  no  adjustment  is 
necessaiy. 

These  instructions  r^arding  the  cleaning  of  contact  points 
apply  with  equal  force  to  all  instruments  having  contacts  by  means 
of  which  the  circuit  is  frequently  made  and  broken,  for  even  platinum 
is  burned  away  by  the  electrical  action  of  the  current  which  tends 
to  carrv'  the  metal  of  the  positive  contact  over  to  the  negative  in 
finely  divided  form,  thus  making  a  hole,  or  crater,  on  the  positive 
and  a  cone,  or  peak,  on  the  negative. 

If  the  contacts  are  too  badly  burned  to  permit  of  their  being 
put  in  good  condition  in  this  way,  it  will  be  necessary  to  replace 
them.  After  the  relay  has  been  reassembled  with  the  new  contacts, 
it  should  be  adjusted  in  accordance  with  the  instructions  already 
given.  When  the  contacts  are  correctly  adjusted,  both  pairs  will 
make  contact  at  the  same  instant  and  clear  across  the  line  of  con- 
tact so  that  when  the  relay  is  held  up  to  the  light,  it  is  impossible  to 
see  light  passing  through  any  portion  of  the  line  of  contact.  When 
adjusting  the  relay  make  sure  that  all  insulating  bushings  are  in 
good  condition  and  that  the  connections  and  coil  terminals  are  free 
from  breaks  or  grounds,  as  these  would  cause  uncertaint\-  in  its 
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not  open  on  a  current  of  less  than  25  amperes.  If  the  ammeter 
reading  indicates  that  it  does  so,  increase  the  tension  of  the  spring 
until  the  current  necessary  to  operate  it  shows  that  it  is  properly 
adjusted.  In  case  the  instrument  shows  that  the  circuit-breaker  is 
opening  at  the  proper  point  but  still  continues  to  vibrate,  another 
series  of  tests  for  a  ground  must  be  made  as  the  latter  is  the  cause 
of  the  trouble. 

Seating  the  Brushes.  To  insure  proper  operation  of  the  machine 
either  as  a  generator  or  as  a  motor,  it  is  necessarj-  that  the  brushes 
fit  the  commutator  exactly  and  that  they  make  good  contact  over 
their  entire  surface.  If  they  do  not,  sparking  will  occur  and  the  com- 
mutator will  become  burned  and  blackened,  cutting  down  the 
efficiency  of  the  machine.  The  brushes  are  the  only  wearing  parts 
of  a  direct-current  generator  or  motor,  and,  as  this  wear  on  them 
is  constant,  they  \^ill  require  attention  at  intervals  to  keep  them  in 
good  condition.  Whenever  sufficient  wear  has  taken  place  to  make 
the  contact  uneven,  the  brushes  must  be  fitted  to  the  commutatcv 
or  sanded-in.  Cut  a  sheet  of  No.  00  sandpaper  in  strips  slightly 
wider  than  the  brush.  Emery  cloth  must  never  be  used  for  this 
purpose.  It  is  metallic  and  will  tend  to  cause  short-circuits  in  the 
commutator.  The  strip  of  sandpaper  is  wrapped  around  the  com- 
mutator so  as  to  make  contact  with  at  least  half  of  its  circmnference 
ill  the  manner  illustrated  in  (a)  and  (c)  of  Fig.  261.  The  smooth  side 
of  the  paper  is  laid  on  the  commutator  so  that  the  sanded  side  rubs 
the  brush.  By  drawing  the  sandpaper  back  and  forth,  it  is  possible 
to  fit  the  brush  very  accurately  to  the  commutator.  It  will  be 
obvious  that  if  the  sandpaper  be  applied  to  the  conMnutator,  as 
shown  in  [b)  and  (rf)  of  the  same  illustration,  that  the  brush  will 
only  touch  at  its  center  and  there  will  be  excessive  sparking  between 
the  gaps  thus  formed. 

A  high  s(|ueaking  note  caused  by  the  operation  of  either  the 
generator  or  motor  is  an  indication  that  either  the  brushes  or 
the  commutator  need  sanding-in  as  the  latter  will  become  roughened 
from  the  wear.  It  should  be  smoothed  up  by  taking  strips  of  the 
same  grade  of  sandpaper  sufficiently  wide  to  cover  the  commu- 
tator, applying  them  by  wrapping  in  the  same  manner  but  with  the 
sanded  surface  on  the  commutator  bars.  This  can  be  done  most 
effectively  by  running  the  machine  through  its  other  commutator 
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for  a  few  moments  wfaQe  holding  the  sandpaper  strip  in  place  on 
the  first.  If,  after  this  smoothing  up,  the  mica  insulation  between  the 
bars  of  the  commutator  is  fiush  with  the  surface  of  the  copper  bars, 
it  must  be  undercut  as  directed  in  the  following  section.  On  most 
of  the  Deico  machines  it  will  be  found  possible  to  sand-in  the  upper 


400 


ELECTRICAL  EQUIPMENT 


Commutator  Maintenance.  In  the  course  of  time,  the  com- 
mutator bars  of  the  generator  will  wear  down  until  they  are  flush 
with  the  mica  insulation  separating  them.  When  this  occurs  there 
will  be  excessive  arcing  in  the  brushes  which,  in  turn,  will  cause  the 
copper  to  be  burned  away  until  it  is  level  with,  or  below,  the  surface 
of  the  mica.  This  condition  will  be  indicated  by  a  rusty  black  color 
on  the  commutator  bars.  To  prevent  this  condition,  the  commutator 
should  be  cleaned  occasionally  with  sandpaper  as  directed.  If  the 
mica  is  high,  it  should  be  undercut  as  follows: 

The  armature  is  removed  from  the  machine  and  placed  in  a  lathe,  truing  up 
both  commutators  until  they  are  perfectly  concentric.  This  should  be  done 
carefuUy  and  then  as  fine  a  cut  as  possible  taken  to  avoid  wasting  the  copper 
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Fig.  202.     Method  of  rndcrcutting  Mica  loBuUtion  on  Commutator 
Courtesy  of  Auto  Electric  Systems  Publushing  Company ^  Datfton,  Ohio 

needlessly.  When  the  commutators  have  been  trued  up  in  the  lathe,  cut  out  mica 
between  the  commutator  bars  of  the  generator  only.  For  this  purpose  a  piece  of 
hacksaw  bhwie  should  be  fixed  in  a  handle,  as  shown  in  Fig.  262,  and  its  teeth 
ground  off  until  they  will  cut  a  slot  that  is  just  slightly  wider  than  the  mica  insu- 
lat  ion.  The  cut  nee<l  not  be  more  than  ^  inch  deep.  ■  In  this  way  a  rectangular 
slot,  free  from  mica,  will  be  obtaineil  between  each  two  adjacent  commutator 
bars.  After  undercutting  the  mica,  the  edges  of  these  slots  should  be  beveled 
very  slightly  with  a  three-cornered  file  in  order  to  remove  any  burrs  which  would 
caiLse  excessive  wear  of  the  brushes. 

It  is  unnecessary  to  undercut  the  mica  on  the  motor  commutator,  as,  wherever 
metal  or  metallic  brushes  are  u.sed  on  Delco  machines,  they  are  sufficiently  hard 
to  keep  the  mica  flush  with  the  surface  of  the  copper  as  it  wears  down  without 
any  undue  arcing  at  the  brushes,  whereas  irf  the  case  of  generators  provided  with 
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fsarbon  bnubcB,  the  carboo  is  not  hard  enough  to  do  this.  After  completiiuc  the 
vindenmttiDg,  the  commutator  when  viewed  from  the  end  should  show  clean-cut 
rectangular  elota  between  the  ban,  as  in  the  left-hand  view,  Fig.  262.  The 
machine  should  then  be  reassembled  and  the  brushes  sanded-in  to  the  commu- 
tator, OB  previously  described.  This  operation  of  fitting  the  brushes  to  the  com- 
mutator will  be  necessary  whenever  anything  has  been  done  to  the  commutator, 
when  new  brushes  are  installed,  or  when  the  third-brush  location  is  readjusted 
to  vary  the  output  of  the  machine  on  generators  having  this  type  of  regulation. 

These  instructions  for  fitting  the  brushes,  cleaning  the  com- 
mutator, and  undercutting  the  mica  of  the  commutator  of  any 
machine  equipped  with  soft-carbon  brushes,  apply  with  equal  force 
to  all  makes  of  generators  and  starting  motors  employed  on  auto- 
mobiles. Next  to  the  battery  the  brushes  and  commutators  will  be 
found  to  demand  most  attention— or  to  put  it  another  way,  they  will 
be  found  to  constitute  a  cause  of  trouble  only  second  in  importance 
to  the  batter>'.  It  must  not  be  assumed,  however,  that  all  black- 
ening of  the  commutator  is  caused  always  by  high  mica.  Any  one 
of  the  following  conditions  may  cause  the  commutator  to  assume 
•  an  appearance  similar  to  that  produced  by  high  mica:  (I)  generator 
brushes  of  improper  size  or  material,  as  where  replacements  other 
than  those  supplied  by  the  manufacturer  of  the  machine  ha\'e  been 
installed;  (2)  insufficient  spring  tension  on  brushes — all  springs 
slacken  up  in  time  and  they  should  be  examined  at  inter\'als  to  see 
that  the  brushes  are  being  held  firmly  against  the  commutator;  (3) 
overloading  of  the  generator  caused  by  partial  failure  of  the  regu- 
lating device  or  other  cause;  and  (4)  an  open-  or  .short-<ircuit  in  the 
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the  like,  which  temporarity  put  the  sj'stem  out  of  commis^on,  so  tbi 
every  part  of  the  system  which  might  be  at  fault  should  be  invest 
gated  before  attempting  to  test  the  armature  for  faults.  To  can 
out  these  tests,  the  voltmeter  and  the  lamp-testing  set  are  necessai: 
Where  no  previous  experience  has  been  had  in  making  tests  with  the 
aids,  it  will  be  well  to  become  familiar  with  the  detailed  instructioi 
given  for  their  use  in  connection  with  the  determination  of  otb 
faults,  as  already  described.  It  is  not  necessary  to  remove  the  d^'n 
motor  from  the  car  for  this  purpose.  When  tests  of  the  remaind 
of  the  system  indicate  no  faults  and  when  grounds  in  the  annatu 
windings  or  short-circui 
between  them  are  r< 
suspected,  raise  all  tt 
brushes  from  the  commi 
tator  and  slip  pieces  i 
cardboard  between  tl 
brushes  and  the  commi 
tator  so  as  to  insulai 
them  from  each  othe 
These  instructions  covi 
the  single-unit  Dele 
machine,  so  the  foregoir 
applies  as  well  to  testir 
for  short-circuits  betwee 
generator  and  mote 
armature  windings.  F< 
greater  simplicity,  tb 
possible  faults  and  the  tests  for  locating  them  are  treated  undi 
different  heads,  as  follows: 

(ii)  Grminded  Generator  CiiU.  On  one-wire  systems  of  t^ 
single-unit  type,  the  presence  of  a  grounded  generator  coil  will  mat 
rially  reduce  the  chRrging  rate  to  the  battery  and  will  also  result  i 
slow  (Tanking  of  the  engine.  To  determine  whether  a  generati 
coil  has  become  grounded,  place  one  of  the  test  points  on  the  frame  < 
on  the  armature  shaft,  both  of  which  are  grounded,  and  the  other  o 
the  generator  commutator,  as  shown  in  Fig.  263.  If  the  lamp  light 
it  indicates  a  ground  on  the  commutator.  The  test  of  the  generatt 
of  a  two-unit  set  would  be  carried  out  in  exactly  the  same  manne 


Fui,  283,     Disicrniii 


ELECTRICAI,  EQUIPMENT 


-M/br  Contniatatiir 


)  (Troundeti  Jfotor  Cot/.    According  to  the  nature  of  the  fault, 
ided  motor  coil  may  either  prevent  operation  of  the  starting 

altogether  or  it 
esult  only  in  an 
ve  consumption  of    ?-"" 
:  for  starting.  The    '^ 
carried  out  in  the 
lanner  as  described 

generator,  except 
le  second  point  of 
t  set  is  placed  on 
itor  commutator, 
4.  It  will  likewise 
lent  that  an  inde- 
it  starting  motor 
tested  in  the  same 
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;  jjfotor  otwf  Gener- 
■maiure  Coilt.  In 
ases  sbnrt-fHrmiita 
n  motor  anil  gener- 
jmature  coils  will 
■se  the   speed   of 
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naturally  only  applicable  to  single-unit  machines  having  two  inde- 
pendent windings  on  the  same  armature  core,  as  in  the  case  of  the 
Delco,  the  type  in  question. 

(d)  Openr  or  Short-Circuited  Generator  Armature  Coils.  When 
testing  for  open-  or  short-circuited  generator  armature  coils,  the  gener- 
ator brushes  should  be  left  in  contact  with  the  commutator,  but  the 
storage  battery  should  be  disconnected  from  the  system,  carefuUy 
taping  the  loose  battery  terminals  before  proceeding.  Then  discon- 
nect the  shunt  field  from  the  brushes  and  tape  these  terminals  so  that 
they  do  not  accidentally  come  in  contact  with  the  frame  or  other  parts 
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Diagram  for  Testing  Open-  or  Short-Circuited  Generator 
Armature  Coil  with  Ammeter 


of  the  unit.  Connect  up  a  dry  cell  and  the  portable  ammeter,  using 
the  30-ampere  shunt,  as  shown  in  Fig.  266.  Turn  the  armature  over 
slowly  by  hand.  If  the  commutator  is  clean  and  bright  and  the 
brushes  are  making  good  contact  with  it,  a  very  noticeable  change  in 
the  ammeter  reading  will  indicate  an  open-  or  a  short-circuited 
armature  coil.  To  determine  whether  the  coil  is  open-  or  short- 
circuited,  the  following  tests  should  be  made: 

(1)  Open-Circuited  Coils,  Connect  the  brushes  to  the 
terminals  of  the  dry  cell  so  that  a  ciurent  of  about  10  amperes  is 
flowing  through  the  brushes.  The  field  should  be  entirely  dis- 
connected and  its  terminals  either  taped  or  held  out  of  the  way. 
Then,  with  a  special  pair  of  points  connected  to  the  voltmeter. 
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using  the  3-volt  scale,  measure  the  voltage  across  each  two 
adjacent  commutator  bars.  If  there  is  an  open-circuited  coil  in 
the  armature,  the  voltage  reading  will  increase  considerably, 
Fig.  267. 

(2)  ShorirCircuUed  Coils.  If  there  are  no  open-circuited 
coils  and  the  preceding  tests  indicate  that  there  is  trouble  with 
the  armature,  it  should  be  tested  for  short-circuited  coils.  This 
should  be  done  only  after  the  preceding  tests  have  been  made,  as 
an  open-circuited  coil  might  cause  the  .1-volt  scale  of  the  volt- 
meter to  burn  out  if  this  test  were  made  first.  The  armature  is 
connected  as  indicated  in(l)  above,  but  for  this  test  the  .1  -volt 
scale  instead  of  the  3-volt  scale  of  the  voltmeter  is  used.  Fig.  268. 
The  voltage  drop  between  adjacent  conmiutator  bars  is  then 
measured  by  slowly  turning  the  conunutator  over  by  hand. 
The  readings  should  be  approximately  the  same.  If  any  of  them 
drop  nearly  to  zero,  it  will  indicate  that  one  or  more  of  the  arma- 
ture coils  are  short-circuited.  In  taking  these  readings,  care 
must  be  observed  to  keep  the  points  always  on  adjacent  commu- 
tator bars  and  not  allow  them  to  span  more  than  two  bars  at 
any  time;  otherwise,  the  voltage  drop  may  be  sufficient  to  injure 
the  voltmeter. 

Should  any  of  these  tests  indicate  open-  or  short-circuited 
coils  in  the  armature,  it  is  advisable  to  send  the  armature  to 
the  manufacturer  for  repairs,  or  to  install  a  new  armature. 
Unless  the  fault  is  plainly  visible,  as  where  a  coil-terminal  con- 
nection at  the  a)mmutator  bar  has  broken  or  become  short- 
circuited,  the  average  establishment  will  find  the  repair  entirely 
beyond  its  facilities  to  make,  so  that  time  and  expense  will  be 
saved  by  promptly  referring  it  to  the  factory.  Special  equip- 
ment and  skill  in  the  handling  of  such  repairs  are  indispensable 
and  are  beyond  the  province  of  the  garage  man. 
Testing  Field  Coils.  The  tests  of  field  coils  are  simpler  than 
those  of  the  armature,  and  they  apply  in  large  measure  to  practically 
anv  svstem. 

Oyen^CiranUi  in  Fields,  To  test  for  open-circuits  in  fields,  the 
test  set  is  the  only  apparatus  required,  and  the  points  should  be 
placed  as  shown  in  Fig.  269.  By  placing  one  point  on  each  terminal 
of  the  particular  winding  to  be  tested,  failure  of  the  lamp  to  light 
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■*ill  indicate  that  the  coil  is  open-circuited,  as  the  wire  of  the  coil  will 
•fford  a  path  for  the  current,  unless  broken.  The  fact  that  the  lamp 
may  not  light  to  full  bril-  aaaaaaaaaa 

lianceinsomeof  these  coil  -f-VVxAA/yVVVVV-f" 
tests  is  no   indication  of      ft)  rx,iac«i 

trouble,  as  the  difference 
is  simply  due  to  the  addi- 
tional resistance  repre- 
sented by  the  coil  itself. 
In  case  an  open-circuited 
coil  is  found,  the  only 
remedy  is  to  return  it  to 
the  manufacturer  for 
repair  or  replacement. 

Grounded  Fields.  To 
test  for  grounds  in  the  field  windings,  place  one  test  point  on  the 
frame  of  the  machine  and  the  other  on  a  terminal  of  the  field  coil. 
Before  doing  this,  however,  all  intentional  ground  connections  made 
by  the  terminals  should  be  removed.  These  can  be  located  by 
referring  to  the  winding  diagram.  If  the  lamp  lights,  it  will  indicate 
a  pround.   The  manner  of  ^^^^/\^^^^^ 

•pplyingllK- lest  points  is       ■^-AlTf)N\N\IV\r^- 
ahown  in  Fig.  270.  ^^^ 

Short'CiTcuUg  between      P^ 
Windings.    T<i   test  for 
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naturally  be  much  less.  In  other  words,  the  value  of  the  voltmeter 
reading  will  always  depend  upon  the  amount  of  resistance  offered 
by  the  coil  or  other  circuit  that  is  being  tested.  When  there  is  no 
circuit,  as  with  the  tree  ends  held  apart  in  the  hands,  there  will  be 
no  indication  on  the  voltmeter  scale.  An  open-circuited  coil  will 
accordingly  be  indicated  by  a  zero  reading  of  the  voltmeter  when  the 
two  free  ends,  or  points,  are  placed  upon  the  terminab  of  the  coil. 
Fig.  272.  If,  on  the  other  hand,  the  voltmeter  reading  is  nearly  half 
of  that  of  the  battery  voltage,  the  coil  is  in  good  condition.  This  test 
ctMTesponds  to  that  with  the  lamp-testing  set  using  the  110-volt 
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all  lighting  generators  have  more  than  one  winding  on  their  fields, 
i.e.,  shunt  and  series  windings  (the  latter  termed  ''bucking  coils"  when 
reversed),  these  tests  are  equally  applicable  to  all  makes. 

VoUmeUfr  Field  Tests. 
-fi-vV\AAAAAAAAAr^   The  method  of  employing 
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Fig.  271.     Diagram  for  Testing  Short-Cireuita 
between  WindingB 


the  voltmeter  for  making 
field  tests,  shown  in  Figs. 
272  and  273,  is  as  follows: 
To  test  for  an  open- 
circuited  field,  connect  up 
as  shown  in  Fig.  272.   The 
positive   terminal  of  the 
voltmeter  is  connected  to 
the    positive  terminal  of 
the  battery.    An  insulated 
copper  wire  of  convenient 
length,  with  the  insulation 
stripped  off  for  about  one  inch  at  each  end,  is  then  attached  to  the 
terminal  of  the  voltmeter  marked  "30  volts",  and  a  similar  wire  is 
AAAAAAA****  attachcd  to  the  negative 

-fVWWWVWVVr  "^"^^^  ""^  *'  '**"^^'^'- 

ri  •  rieidcoiL  n     The   free   ends   of   these 

^  wires  are  then  used  in  the 
same  manner  as  the  points 
of  the  test  set,  except  that 
the  voltmeter  reading  is 
the  indication  sought 
instead  of  the  lighting  of 
a  lamp.  Before  making 
the  test,  touch  the  free 
ends  of  the  wires  together. 
This  reading  will  be  the 
total  voltage  of  the  stor- 
age battery,  and  it  should 
be  kept  in  mind  when 
making  the  tests. 
If,  instead  of  touching  the  free  ends  of  the  wire  together,  they  are 
placed  on  the  terminals  of  a  high  resistance,  the  voltmeter  reading  will 
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naturaUy  be  much  less.  In  other  words,  the  value  of  the  voltmeter 
readmg  will  always  depend  upon  the  amount  of  resistance  offered 
by  the  coil  or  other  circuit  that  is  being  tested.  When  there  is  no 
circuit,  as  with  the  free  ends  held  apart  in  the  hands,  there  will  be 
no  indication  on  the  voltmeter  scale.  An  open-circuited  coil  will 
accordingly  be  indicated  by  a  zero  reading  of  the  voltmeter  when  the 
two  free  ends,  or  points,  are  placed  upon  the  terminals  of  the  coil, 
Fig.  272.  If,  on  the  other  hand,  the  voltmeter  reading  is  nearly  half 
of  that  of  the  battery  voltage,  the  coil  is  in  good  condition.  This  test 
corresponds  to  that  with  the  lamp-testing  set  using  the  110-volt 
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Fig.  273.     Voltmeter  Teet  Diagram  for  Short-Circuit  between  Coila 

current,  illustrated  in  Fig.  269.  It  is  a  method  which  also  permits 
one  coil  to  be  checked  against  another  of  the  same  kind,  as  the  read- 
ings given  by  the  two  coils  should  be  approximately  the  same.  Where 
neither  a  llO-volt  current  nor  a  portable  voltmeter  are  available,  these 
tests  may  be  carried  out  with  the  aid  of  a  6-volt  bulb  in  connection 
with  the  storage  battery,  as  shown  for  the  voltmeter  tests.  In  this 
case,  the  lamp  will  light  brightly  when  the  free  ends  of  the  wires  are 
brought  together,  but  it  will  dim  in  proportion  to  the  amount  of  extra 
redstanoe  added  to  the  circuit,  as  represented  by  the  coil  under  test. 
While  not  so  accurate  as  the  tests  with  the  voltmetw,  co\xrpBX^.\AN^ 


467 


410 


tests  are  also  possible  with  the  low-voltage  lamp,  a  very  perceptible 
difference  in  the  lighting  of  the  lamp  indicating  a  greatly  increased 
resistance.  When  using  cmrent  from  a  storage  battery  for  testing, 
care  must  be  taken  to  have  the  points  of  the  test  set,  or  ends  of  the 
wire,  clean  and  bright,  and  to  make  good,  firm  contact.  If  necessar}', 
places  on  the  machine  at  which  the  test  points  are  to  be  applied  should 
first  be  scraped  or  filed  clean,  otherwise,  additional  resistance  will 
be  inserted  by  the  poor  contact  at  the  points,  as  for  example,  where  the 
latter  are  applied  to  a  painted  surface. 

To  test  for  grounds  in  a  field,  after  having  removed  all  ground 
connections,  as  mentioned  in  a  previous  paragraph,  place  one  end, 
or  point,  on  a  terminal  of  the  field  coil  and  the  other  on  the  frame  of 
the  machine.  The  method  of  making  the  test  is  identical  with  that 
shown  in  Fig.  270,  except  for  the  substitution  of  the  voltmeter  for  the 
110- volt  light  circuit.  If  the  coil  is  free  from  grounds,  the  voltmeter 
needle  will  remain  at  zero;  in  case,  there  is  a  ground,  there  will  be  an 
indication  on  the  instrument  and  the  worse  the  ground  the  greater  the 
value  of  this  reading  will  be.  This  test  corresponds  to  that  illustrated 
in  Fig.  264. 

Short-Circuits  between  Coils,  The  test  for  short-circuits  between 
coils  is  similar  to  that  shown  in  Fig.  265  and  naturally  applies  to  all 
lighting  generators  where  the  two  windings  of  the  fields  are  concerned. 
Place  one  end,  or  point,  on  the  terminal  of  one  winding  and  the 
other  end  on  the  terminal  of  the  other  winding,  as  shown  in  Fig.  273. 
If  there  is  no  connection  between  the  coils,  as  should  be  the  case, 
the  voltmeter  needle  will  remain  stationary.  Any  movement  of  the 
voltmeter  needle  indicates  a  short-circuit  and  the  greater  the  value 
of  the  reading,  the  more  complete  is  the  short-circuit  between  the 
two  coils. 

In  order  to  make  these  tests  without  removing  the  machine  from 
the  car,  first,  disconnect  the  storage  battery  and  tape  the  disconnected 
terminals;  then,  insulate  all  the  brushes  by  placing  pieces  of  card- 
board between  them  and  the  commutators.  Disconnect  all  wires 
leading  to  generator  terminals,  and,  likewise,  all  wires  leading  to 
field-coil  terminals.  By  referring  to  the  circuit  and  wiring  diagrams 
for  the  particular  car  under  consideration,  all  these  leads  can  readily 
be  identified,  and  after  disconnecting  them,  the  field  coils  of  the 
machine  can  be  tested.    When  the  tests  indicate  that  the  field  coils 
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e  not  in  pofect  condition,  it  will  usually  be  found  advisable  to 
nove  the  field  coils  from  the  machine  and  send  them  to  the.  manufac- 
rer  for  repair  or  replacement,  for  unless  the  fault  is  plainly  apparent, 
lich  will  seldom  be  the  case,  the  repair  will  usually  be  found  to  be 
yond  the  average  garage  facilities. 

DISCO  SYSTEM 
Twelve-Volt;  Slnsle-Unit 

Dynamoior.  The  dynamotor  is  bipolar  with  both  windings 
nnected  to  the  same  commutator. 

Regulatkm.  Constant  current-control  regulation  by  means  of  a 
brating  regulator  is  employed.  (See  description  of  the  Ward- 
onard  regulator,  Fig.  149,  Part  IV.) 

Operatii^  Devices.  Battery  Cut-Out.  The  cut-out  is  of  the 
nventional  type,  combined  with  the  current-control  regulator. 

Switch.  The  switch  is  the  spring-controlled  type  which  is  only 
ised  for  starting. 

Six>Volt;  TwoUnit 

Units.  Both  the  generator  and  the  starting  motor  are  of  the 
polar  tj'pe,  the  motor  being  designed  to  operate  through  a  Bendix 
ive. 

Instructions.  As  both  t>'pe3  of  the  system  are  characterized 
'  standard  features  throughout,  instructions  given  in  connection 
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to  turn  the  en^ne  over,  this  characteristic  being  tarmed  the  "non- 
stalling"  feature  of  the  system,  I'rovided  the  battery  is  suffidently 
charged,  the  djiiamotor  will  always  act  as  a  starter  (the  switch 
being  closed)  whenever  the  engine  is  inadvertently  stalled  or  its 
speed  drops  below  the  generating  p<Hnt  of  the  madiine. 

Instructions.  The  switch  must  never  be  left  closed  with  the 
engine  stopped,  and  when  the  car  is  stopped,  the  engine  must  not 
be  allowed  to  idle  at  a  very  low  speed,  as  in  either  case  the  battery 
will  be  run  down.  Instructions  for  lack  of  generator  capadty 
the  location  of  grounds  or  ahort-drcuits,  and  the  like,  are  the 
same  as  for  other  systems. 

Six-Voiti  Two-Unit 
Qenerator.  The  gener- 
ator is  a  standard  shunt- 
wound  machine  of  the 
four-pole  type,  having  two 
wound,  or  salient  poles,  and 
two  consequent  poles.  (See 
Fig.  219,  Part  IV.)  It  is 
ordinarily  designed  to  be 
driven  at  one  and  one-half 
times  en^ne  speed,  but,  in 
common  with  other  makes, 
machines  wound  for  higher 
or  lower  speeds  are  fur- 
nished, according  to  the 
requirements  of  the  engine  on  which  it  is  mounted. 

Regulation.  Hegulation  is  effected  by  means  of  a  vibrating 
regulator,  which  is  combined  with  the  battery  cut-out.  This  cuts 
in  at  a  speed  equivalent  to  lOmilesperhour,  and  the  generator  reaches 
its  maximum  normal  output  of  10  to  12  amperes  between  12  and  13 
miles  per  hour.  The  regulator  does  not  become  operative  until  the 
current  flow  increases  to  10  to  12  amperes,  at  which  point  it  b  held 
regardless  of  the  speed.  The  details  of  the  combined  regulator  and 
cut-out  are  shown  in  Fig.  274,  while  all  the  connections  are  shown  in 
the  diagram.  Fig.  275.  As  soon  as  the  dynamo  runs  fast  enough  to 
cause  it  to  generate,  a  portion  of  the  current  passes  through  the 
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winding  A  of  the  cut-out,  Fig.  274.  This  is  ordinarily  known  as 
the  voltage  winding  and  ia  of  fine  wire,  so  that  very  little  current  is 
required  to  energize  the  core  and  attract  the  armature  B,  which  closes 
the  contact  points  C  and  D.  These  points  close  the  circuit  through 
the  coil  E,  which  is  of  heavy  wire  and  is  known  as  the  current  coil. 
As  the  current  in  both  coils  is  in  the  same  direction,  their  exciting 
effect  on  the  magnet  core  is  cumulative,  and  the  points  are  held 
together  that  much  more  firmly. 

On  the  upper  side  of  the  magnet  will  be  noted  another  armature 
/'and  a  set  of  contact  points  ff  and  //.  This  armature  is  subject  to  the 
same  magnetic  attraction,  but  the  tension  of  its  controlling  spring  ia 
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Fig.  276.     Startinc-Motor  Circuit  for 
Dyneto  System 


field  windings,  thus  keeping  the  output  within  the  required  limits. 
When  the  generator  speed  falls  below  the  normal  rate,  the  voltage 
drops  correspondingly  and  the  battery  current  overcomes  that  from 

the  generator  and  reverses  the 
current  flow  through  the  current 
coil  E,  This  reverses  the  mag- 
netic effect  produced,  bTwking  that 
caused  by  the  generator  current 
in  the  coil  A,  and,  as  the  battery 
current  is  then  superior  to  the 
latter,  the  magnetic  effect  of  .1  is 
neutralized  and  the  armature 
B  is  forced  away,  opening  the 
contacts  C  and  D. 

Starting  Motor.  This  start- 
ing motor  is  of  the  standard 
series-wound  tj^pe  of  the  same 
characteristics  of  design  as  the 
generator.  In  Fig.  276  is  shown 
the  wiring  diagram  of  the  starting  circuit  and  illustrates  plainly  the 
relation  of   the  series  fields  B  and  F  to   the  armature   D  and 

the  brushes  E  and  C.  II  is  the 
starting  switch  and  A  and  G  are 
the  cables  of  a  two-wire  starting 
system.  Compare  Fig.  276  ii-ith 
Fig.  277,  which  shows  the  shunt 
windings  of  the  generator  and 
their  relation  to  the  armature 
and  battery.  In  Fig.  276  the 
dotted  line  from  G  to  ^  illus- 
trates a  supposed  short-circuit 
caused  by  chafing,  or  abrasion,  of 
the  insulation  of  the  wires. 

Wiring  Diagrams.  Either 
the  single-  or  the  two-wire  system 
of  wiring  is  employed,  according  to  the  car  on  which  the  system  is 
installed.  Fi^.  278  shows  the  one-wire,  or  grounded,  system,  and 
Fig.  279  shows  the  two- wire  system. 


Shunt 


Fig.  277.     Cionorator  Circuit  for  Dyneto 
Svdtoni 
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Instructloas.    In  case  of  failure  to  start,  the  switch  should  always 
be  released  instantly  and  the  battery  tested  to  determine  its  condition 
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of  charge.    If  the  battery  is  not  run  down,  examine  all  connections 
and  wiring,  for,  if  a.  short-drcuit  exists  as  indicated  by  the  dotted  line 
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on  the  starting  motor  and  inspect  the  brushes.  Lift  each  brush 
holder  a  trifle  (if  they  are  In  proper  condition,  they  should  spring  back 
when  released)  and  press  the  brushes  firmly  against  the  conmiutator. 
(See  Gray  &  Davis  instructions  for  Spring  Pressures  on  Starting 
Motors.  These  pressures  are  not  the  same  on  all  makes,  but  this  will 
give  some  idea  of  the  high  pressure  necessary  to  make  the  contact 
.required  to  handle  the  heavy  currents  used  in  the  starting  motor.) 
See  that  the  commutator  is  clean  and  the  brushes  are  making  uniform 
contact  all  over  their  surfaces.  Make  sure  that  the  two  leads  from 
the  field  coils  to  the  brush  holders  are  screwed  down  tightly. 

When  it  is  necessary  to  renew  the  brushes,  remove  the  eight 
screws  shown  holding  the  end  plate.  Remove  this  conmautator 
housing,  or  end  plate,  leaving  the  brush  unit  in  place  on  the  com- 
mutator. Remove  only  one  brush  at  a  time  and  replace  it  with  a  new 
one.  Note  bearing  of  brushes  on  commutator  and  sand-in  to  a  true 
and  uniform  bearing  over  the  entire  surface  of  the  end  of  each  brush. 
When  this  has  been  done,  carefully  clean  out  all  traces  of  carbon 
dust,  using  a  rag  wet  with  gasoline,  if  necessary;  a  small  bellows  may 
be  used  to  advantage  to  blow  this  dust  out  dry,  and  will  be  more  likely 
to  get  it  out  of  the  nooks  and  crannies  then  wiping.  After  the  brushes 
have  been  sanded-in  and  the  dust  all  cleaned  out,  see  that  both  brush 
leads  are  tight  and  then  replace  the  housing.  New  brushes  should 
be  necessary  only  after  a  year  or  two  of  service,  sometimes  longer; 
old  brushes  will  operate  just  as  efficiently  as  new  ones,  provided  they 
have  a  bearing  all  over  their  surface  and  are  held  firmly  against  the 
commutator.  A  brush  becomes  too  short  for  fiulher  use  only 
when  the  spring  can  no  longer  hold  it  in  good  contact  against  the 
commutator.  When  ordering  brushes,  it  must 'always  be  specified 
whether  they  are  wanted  for  the  generator  or  for  the  motor,  and  the 
type  of  machine,  as  stanif)ed  on  the  name  plate,  must  be  given. 
This  applies  equally  to  the  brushes  needed  for  any  make  of  generator 
or  starting  motor,  and  no  other  brushes  than  those  supplied  by  the 
maker  for  the  machine  in  question  should  ever  be  used. 

GRAY  AND  DAVIS  SYSTEM 
Six-Volt;  Two-Unit;  Single-Wire 
Generator.    The  bipolar  generator  is  designed  for  drive  by 
silent  chain,  as  shown  in  Fig.  280,  or  w-hen  combined  with  ignition 
distributor  from  the  pump  shaft,  Fig.  281. 
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Rcfulation.  Earlier  types,  including  the  original  lighting  gen- 
erotor,  were  of  the  constant-speed  type  regulated  by  a  governor  and 
slipping  clutch,  which  maintained  the  speed  of  the  generator  con- 
stant. The  191 4  and  subsequent  models  are  controlled  by  a  combina- 
tion regulator  cut-out,  usually  mounted  directly  on  the  generator 
itself.  The  regulator  increases  the  resistance  of  the  generator-field 
windings  in  proportion'  to  the  increase  in  speed,  thus  maintaining  a 
.steady  output. 

Startiiq;  Motor.  The  series-wound  bipolar  motor  is  made  for 
eit*^r  open  or  enclosed  flywheel  drive,  according  to  the  type  of  car. 
In  Fig.  282  is  shown  the  open  flywheel  type.     The  illustrations  of 
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per  hour,  lights  on,  eharj/e  st  3}  amperes.    Under  the  last-named 
conditum,  the  lights  are  being  supplied  directly  by  the  generatH 


and  only  the  excess  current  is  clmrging  the  battery.     Whenever 
the  generator  output  drops  below  a  point  where  It  is  supplying 
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ifficient  current  to  light  all  the  lamps  that  are  on,  the  battery 
ipplies  the  balance.    The  battery  U  thus  said  to  be  floated  on  the 
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Regulator  Cut-Out  The  regulator  is  of  the  constant-curreDt 
tj-pe  and  on  the  Chandler,  Metz,  and  Chalmers  cars  is  set  to  allow  the 
generator  to  produce  a  minimum  of  8.5  amperes  aod  a  maximum  of  11 
amperes;  on  the  Paige  the  minimum  b  the  same,  but  the  maximmn 
is  12  amperes. 

To  Check  for  Adjuatment.  Insert  the  portable  ammeter  with  the 
30-ampere  shunt  in  the  circuit  between  the  generator  and  the  repu- 
lator  and  switch  on  all  the  lamps.  Speed  the  engine  up  so  that  the 
generator  is  running  above  1750  r.p.m.  Open  the  upper  set  of  points 
by  inserting  a  match  or  using  the  finger,  then  adjust  the  lower  set  {>f 
points  in  accordance  with  the  reading  of  the  ammeter.  Open  the 
lower  set  and  adjust  the  upper  in  the  same  way.    Run  the  machine 
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with  hotli  .sets  free,  and  the  ammeter  reading  should  fall  within  t'if. 
limits  al>ovc  given. 

To  CIutI;  Candle  ]'ower  of  Lamps.  These  instructions  are  given 
by  tlie  nianiifiictiirers  in  connection  with  a  special  bench  testing  set 
using  three  l.Vc.p.  lamps  in  multiple.  Check  the  candle  power  of 
tlio  lamps  on  the  lar  to  see  that  their  total  does  not  exceed  45  c.p.,  as 
2.")-c.p.  hcadlifilitri  are  siniietimcs  used.  The  employment  of  headlights 
of  tills  liigli  pmver  shmilil  he  (li,siLiinragc<i  by  the  garage  man,  as  they 
nec<Iles>ly  iiierejisi'  tin-  loiiil  on  the  battery  and  cause  a  blinding  glare. 

Til  Ckcrhj'iir  Vlm'nuj  I'cltiigi:  The  points  of  the  battery  cut-Out 
are  designtil  to  cjo-sc  at  0'  to  0  volts  from  the  generator  and  an- 
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designed  to  open  on  a  current  of  }  to  2  amperes  from  the  battery  on 
discharge.  Connect  the  low-reading  voltmeter,  scale  1  to  10  volts, 
across  the  generator  brushes.  Gradually  speed  up  the  ^nerator  and 
note  the  voltmeter  reading  to  determine  the  voltage  at  which  the 
points  close.  If  not  correct,  adjust  the  cut-out  spring  to  bring 
the  closing  voltage  within  the  above  limits. 

To  Check  the  CiiUing-Ovt  Point.  Connect  ammeter  in  battery 
and  cut-out  circuit,  using  low-reading  shunt,  1  to  3  amperes.  Have 
the  machine  running  at  a  speed  at  which  points  are  closed,  and  grad- 
ually slow  down,  observing  the  ammeter  reading  when  the  points 
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naturally  impossible  to  give  complete  lists  of  installations  in  any 
case,  so  that  only  one  or  two  representative  makes  are  mentioned 
to  enable  certain  systems  to  be  identified  in  the  garage  when  desired. 
GmumkdnMoior  Arrangement.  Fig.  285  shows  the  Gray  &  Davis 
wiring  diagram  with  grounded  motor.  Cable  A  from  the  battery 
positive  terminal  connects  to  the  grounded  terminal  of  the  starting 
motor.  Cable  T  connects  an  insulated  terminal  on  the  starting  motor 
to  one  of  the  starting-switch  terminals.  Cable  C  from  the  starting 
switch  terminal  connects  to  the  battery  negative  terminal,  thus 
completing  the  circuit.    On  some  makes  of  cars,  cable  A  instead  of 
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connected  to  the  fused  ^de  of  B.  The  various  ground  connections 
are  as  follows:  battery  positive  by  cable  A  to  frame  at  grounded 
terminal  of  starting  motor;  generator  positive  terminal  to  the  frame 
of  the  dynamo  itself;  one  side  of  all  lamps  to  frame  of  car. 

!  GroundedSwiich  AmmgemerU.  Fig,  287  is  the  Gray  &  Davis 

wiring  diagram  of  the  grounded-switch  type.  The  only  difference 
between  this  and  the  other  diagram  is  that  the  ground  connection 
is  taken  from  the  terminal  of  the  cable  A  to  the  switch  instead  of 
from  the  motor. 

Instructions.  When  the  indicator  does  not  indicate  charge 
though  the  engine  is  speeded  up,  but  indicates  discharge  with  the 
engine  stopped,  the  dynamo  or  the  regulator  may  not  be  working 
properly.  To  verify  this,  turn  on  all  the  lights,  run  the  engine  at 
a  speed  equivalent  to  10  miles  per  hour,  disconnect  the  wire  from  ter- 
minal B,  Fig.  285,  at  the  regulator  cut-out;  if  the  lights  fail,  either 
the  djTiamo  or  the  regulator  is  at  fault.  Reconnect  the  wire  to 
terminal  B  and  remove  the  side  plate  from  the  dynamo  to  examine 
the  brushes.  Slide  the  brushes  in  and  out,  and  see  that  they  slide 
freely  in  the  brush  holders  and  make  good  contact  with  the  commu- 
tator and  that  the  wires  from  the  brush  holders  and  the  fields  to  the 
d\-namo  terminals  are  firmly  connected.  If  the  dynamo  is  belt-driven, 
the  belt  may  not  be  tight  enough  to  rotate  the  dj-namo  at  sufficient 
speed  to  charge  the  battery.    The  commutator,  if  coated  or  dirty, 

I     may  be  cleaned  while  nitating  by  holding  «  cloth  slijrhtly  iiioi^tcin>d 
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But  if,  under  conditions  just  given,  the  indicator,  or  anmieter, 
shows  neither  charge  nor  discharge^  the  dynamo  dzcuit  is  open. 
This  may  be  from  poor  brush  contact  or  from  a  loose  or  Imiken 
connection  at  some  other  point.  If  the  indicator  ahowa  diBckargBf 
reduce  the  engine  speed  to  the  equivalent  of  8  or  9  miles  an  hour;  Unax 
while  the  engine  is  running,  connect  another  wire  from  the  dynamo 
terminals  F  and  Fi  to  terminal  A .  If  the  indicator  then  shows  charge, 
the  regulator  is  at  fault,  as  this  wire  cuts  the  regulatm  out  of  the 
charging  circuit.  \Miile  making  this  test,  care  must  be  taken  not  to 
run  the  engine  any  faster  than  mentioned,  as  the  dynamo  is  not 
protected  by  the  regulator.  If  in  this  test,  the  indicatm  still  shows 
discharge,  it  signifies  that  the  d\iiamo  field  drcuit  b  open  or  that  the 
armature  is  short-circuited. 

Loose  Connections.  If  with  the  engine  speeded  up  the  indi- 
cator does  not  show  charge  and  with  the  engine  stopped  and  the 
lights  turned  on  it  does  not  indicate  discharge,  there  b  an  open  or  loose 
connection  in  the  battery  circuit.  See  that  all  the  wires  are  finnly 
connected  and  that  the  contact  faces  are  clean.  Or  the  indicator 
itself  may  be  at  fault.  Verify  this  by  disconnecting  one  wire  from  it 
and  if  it  then  returns  to  neutral,  it  indicates  that  some  part  of  the 
wiring  is  grounded  on  the  frame  of  the  car  and  is  causing  a  short- 
circuit  which  is  discharging  the  battery.  But  if  after  disconnecting 
this  wire  the  indicator  shows  discharge,  it  is  at  fault.  See  if  the  pointer 
is  bent.  This  probably  will  be  the  case  if  it  indicates  charge  with  the 
engine  stopped. 

Shori'Circvits.  If  the  ammeter  discharge  reading  is  above 
normal,  it  may  indicate  that  higher  candle-power  lamps  have  been 
substituted  for  the  standard  bulbs,  or  that  some  of  the  lamp  wires 
are  short-circuited.  Intermittent  jerking  of  the  pointer  from  charge 
to  neutral  while  the  engine  is  being  speeded  up  also  indicates  a  short- 
circuit.  Repeated  blowing  of  fuses  indicates  short-circuited  lamp 
wires  or  defective  lamps.  Trace  the  wires  along  their  entire  length 
and  try  new  bulbs. 

Starting-Motor  Faults.  If  the  motor  does  not  rotate,  the  battery 
may  be  discharged.  In  case  the  engine  has  been  overhauled  just 
before,  main  bearings  may  have  been  put  up  so  tight  that  the  starting 
motor  has  not  sufficient  power  to  turn  it  over.  The  starting  switch 
may  not  be  making  good  contact,  the  motor  brushes  may  not  be 
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bearing  properly  on  the  commutator,  or  the  battery  terminals  may 
not  be  tight.  If  the  starting  motor  rotates  but  does  not  crank  the 
'  engine,  the  over-running  clutch  may  not  be  running  properly  or 
the  engaging  gears  do  not  mesh.  When  the  starting  motor  cranks  the 
engine  a  few  turns  and  stops,  the  battery  is  almost  discharged.  Unless 
the  engine  starts  after  the  first  few  revolutions,  do  not  continue  to  run 


the  starting  motor,  as  it  will  exhaust  the  battery  very  quickly. 
Look  for  causes  of  engine  trouble — lack  of  gasoline,  ignition  circuit 
open,  or  the  like. 

Gray  &  Davis  Service  Tests.  Garages  caring  for  fifty  or  more 
cars  find  it  profitable  to  install  the  equipment  to  carry  out  the  neces- 
sary tests  of  electrical  apparatus  instead  of  referring  every  case  that  is 
beyond  the  ordinary  requirements  to  the  manufacturer  or  to  one  of 
its  service  stations.  The  makers  recommend  for  testing  generators 
sod  motors  when  removed  from  the  car,  the  following  e.^^'t«X>3a\ 
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(1)  One  f-h.p.  electric  motor  with  variable  speed  rheostat  (direct  current) 
giving  a  speed  range  of  600  to  1800  r.p.m.  Tliis  is  where  only  one  machine  is  to  be 
tested  at  a  time;  for  running  several  from  a  countershaft,  a  1-  to  2-h.p.  motor  is 
necessary.  (2)  Three  motor  pulleys,  2, 3,  and  7}  inches  in  diameter,  respectively, 
and  three  generator  pulleys,  2|,  3,  and  5  inches  in  diameter.  (3)  Adjustable 
bases  for  holding  generators.  (These  can  be  obtained  from  Gray  &  Dave.) 
(4)  Portable  voltmeter  with  a  15-volt  scale.  The  instrument  described  for 
general  testing  will  fiU  this  requirement  as  well.  (5)  Ammeter  with  a  charge  and 
discharge  reading  to  25  amperes,  i.e.,  25 — 0 — 25.  (6)  One  tachometer,  or  rev- 
olution counter.  (7)  Four  Ediswan  base  sockets  and  three  15-c.p.  7-volt  lamps. 
(8)  One  single-pole  single-throw  switch  and  two  single-pole  double-throw  switches, 
all  of  15-ampere  capacity.  (9)  One  80-ampere-hour  6-volt  storage  battery. 
(10)  Sufficient  No.  10  flexible  cable  for  making  the  necessary  connections. 

The  above  apparatus  is  more  particulariy  for  the  generator  tests. 
For  making  motor  tests,  the  following  are  necessary: 

(1)  Ammeter  reading  to  400  amperes.  (2)  One  spring  scale  reading  to  20 
pounds.  (3)  One  single-pole  single-throw  switch  of  200-ampere  capacity. 
(4)  Steel  clamp  and  base  for  motor.  (5)  One  &-inch  flanged  iron  pulley. 
(6)  Sufiicient  No.  1  flexible  cable  for  connections. 

Generator  Test  Chart.  In  order  to  enable  the  tester  to  check  the 
performance  of  the  generator,  the  test  chart.  Table  III,  has  been 
supplied.  The  method  of  mounting  the  J-h.p.  motor,  switches, 
instruments,  rheostat,  and  storage  battery  is  shown  in  Fig.  288, 
while  the  wiring  diagram  showing  the  method  of  connecting  up  the 
various  units  is  illustrated  in  Fig.  289.  Referring  to  the  test  chart, 
Table  III,  column  1  gives  the  t^-pes  of  generators  manufactured  by 
Gray  &  Davis.  To  determine  the  t^-pe  number,  it  is  necessary  to 
note  only  the  first  three  numbers  on  the  name  plate.  For  instance, 
2221541  indicates  type  222,  machine  1541.  This  applies  to  all 
machines  of  this  make  turned  out  since  September,  1915. 

Column  2  shows  the  amount  of  current  required  to  run  the  gen- 
erator as  a  motor,  or  to  "motorize''  it.  To  take  this  reading,  the 
posts  AF  and  F-l  should  be  connected  together  with  a  copper  wire 
and  the  wire  from  the  battery  connected  to  the  post  A.  The  ampere 
reading  and  the  speed  should  be  within  10  per  cent  of  the  figures 
given  in  column  2.  If  not,  remove  the  regulator  and  repeat  the  test, 
column  3  showing  the  proper  speed.  If  the  armature  is  shorted  it 
will  take  excessive  current,  the  ammeter  needle  will  fluctuate,  and 
the  speed  will  be  below  normal.  If  the  current  is  excessive  but 
steady  and  the  speed  is  high,  it  will  show  a  defect  in  the  fields  or 
the  field  connections,  as  indicated  in  succeeding  paragraphs. 
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Column  4  affords  a  check  on  other  defects  in  the  machine.  To 
take  this  reading,  connect  posts  A  F  and  F-l  together  in  order  to  give 
full  field  current,  place  machine  on  test  bench,  and  run  with  belt.  Speed 
the  machine  up  until  the  ammeter  indicates  10  amperes  with  the 
three  15-c.p.  lamps  in  circuit  and  the  battery  testing  1.250  or  over 
with  the  hydrometer.  Take  a  reading  of  the  speed.  This  should  not 
be  higher  than  that  given  in  column  4.    A  higher  reading  will  indicate 

^ defective  fields,  a  high- 

resistance  armature,  pole 
pieces  loose  in  frame, 
slight  short-circuit  in 
armature,  defective 
brush  or  brush  contact 
at  conunutator,  or  dirty 
conunutator. 

The  purpose  of  col- 
umns 5  and  6  is  to  check 
the  action  of  the  regu- 
lator. To  take  this  read- 
ing, turn  on  the  three 
15-c.p.  lamps,  giving  a 
load  of  7i  amperes,  and 
observe  the  amount  of 
current  passing  into  the 
battery  with  the  amme- 
ter switch  in  position  2, 
The  reading  should  be 
within  the  limits  shown 
in  columns  5  and  6. 

Columns  7  and  8 
show  the  current  taken 
by  the  field  coils.  Connect  one  side  of  the  battery  to  the  frame  of 
the  generator  and  the  other  side  through  the  ammeter  to  terminal  F, 
The  reading  should  not  be  greater  than  column  7  or  less  than 
column  8.  Repeat  the  test  at  terminal  F-l.  A  high  reading  will 
show  a  short-circuit,  and  a  low  reading  will  show  a  poor  connection 
or  a  high  resistance  in  the  field.  No  reading  at  all  will  indicate  an 
open  circuit  in  the  field. 


Baffery 


Fig.  289.     Wiring  Diagram  for  Gray  &  Davis 
Dynamo  and  Regulator 
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TABLE  IV 
Test  Chart  for  Qray  &  Davb  Startinc  Motor 
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Columns  9  and  10  show  the  current  output  for  which  the  gener- 
ator is  set  at  the  factory.  To  test  this,  place  the  ammeter  switch  in 
position  1  and  with  the  three  15-c.p.  lamps  turned  on  speed  the 
xxmrhme,  abovf?  1750  r.pjn..    If  the  reading  does  not  fall  rnXJcixi 
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the  limits  given,  adjust  the  r^;uIator  in  acooidanoe  with  instructions 
given  below. 

Starting-Moior  Test  Chart,  Table  IV  is  provided  for  reference  in 
cases  where  the  motor  trouble  is  of  such  a  nature  that  it  cannot  be 
located  except  by  a  test,  i.e.,  in  the  windings.  Column  1  gives  the 
types  of  starting  motors,  which  may  be  identified  in  manner  the  same 
as  the  generators.  The  type  number  covers  the  motor  and  the  speed 
reducer. 

Column  2  shows  the  current  required  to  run  the  motor  free. 
The  reading  should  not  vary  by  more  than  25  per  cent  from  the  figm-es 
given.  A  high  reading  will  indicate  tight  bearings,  short-circuited 
armature,  or  field. 

Columns  3,  4,  and  5  show  the  speed  when  running  light  with 
current  at  3  volts,  5i  volts,  and  6  volts.  The  test  should  be  made 
with  either  two  or  three  cells  of  the  battery.  A  low-speed  reading 
with  normal  current  will  indicate  loose  connections,  poor  brush  con- 
tact, dirty  commutator,  or  high  resistance  in  armature.  A  high- 
speed reading  will  indicate  a  short-circuit  in  the  field  windings. 

Column  6  gives  the  spring  pressure  on  the  brushes.  Where  the 
brushes  show  a  tendency  to  spark,  this  brush  pressure  should  be 
checked.  This  reading  is  taken  with  a  small  spring  scale  hooked  on 
to  the  brush  screw.  Read  the  number  of  pounds  required  to  just 
lift  the  brush  from  the  commutator.  The  reading  should  not  be  less 
than  the  figures  given  in  column  6.  Column  7  gives  the  reduction 
between  the  starting-motor  shaft  and  the  countershaft  which  carries 
the  sliding  gear. 

Columns  8  and  9  are  readings  showing  whether  or  not  the  motor 
is  capable  of  delivering  its  rated  power  on  normal  current  consump- 
tion and  at  normal  speed.  The  reading  is  taken  by  putting  on  the 
shaft  a  load  requiring  a  turning  power  of  IJ  pounds  at  a  1-foot  radius. 
To  take  this  reading  the  flanged  pulley,  spring  scale,  and  a  cord  are 
employed  in  the  manner  shown  in  Fig.  290.  The  reading  on  the  scale 
corresponding  to  IJ  foot-pounds  will  be  6  pounds.  Thus:  1^  foot- 
pounds times  12  inches  equals  18  inch-pounds,  which  divided  by  3 
inches  (radius  of  pulley)  gives  6  pounds  (scale  reading). 

To  take  the  reading,  close  the  switch  and  put  just  enough  tension 
on  the  cord  A  to  make  the  scale  read  6  pounds  and,  holding  tbis 
steady,  read  volts,  amperes,  and  speed.    1  he  speed  given  in  column  S 
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is  takeo  at  5}  voita,  which  13  what  would  be  obtained  with  a  battery 
showing  1,250  or  over  on  the  hydrometer  test.  A  lower  voltage  will 
cause  a  lower  speed  reading.  In  the  majority  of  cases,  tests  made  with 
the  motor  running  free  wiU  show  any  defects,  but  in  case  these  tests 
do  not  reveal  any  trouble  and  the  motor  still  fails  to  operate  satis- 
factorily, the  tests  for  which  the  proper  figures  are  given  in  columns  8 
and  9  should  be  carried  out. 

To  Adjust  Cui-Out.  The  contact  points  should  close  to  permit 
the  battery  to  charge  at  6  to  6^  volts;  they  should  open  the  circuit 
between  the  battery  and  the  generator  on  a  dischaige  of  }  to  2 
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not  obtainable  after  several  attempts  at  adjusting  the  spring,  check 
the  air-gap  distances,  as  given  below.  Correct  these  and  test  again. 
To  Adjiuft  Regulator.  With  all  connections  made  and  the 
ammeter  switch  in  position  1,  turn  on  the  three  15-c.p.  lamps  and  speed 
the  machine  up  to  above  1750  r.p.m.  Open  the  upper  set  of  points 
with  the  aid  of  a  match  or  by  using  the  finger.  Adjust  the  lower  set 
of  points  by  the  ammeter  reading  so  as  to  bring  it  within  the  limits 
given  in  columns  9  and  10  of  the  generator  test  chart.  Repeat  the 
adjustment  on  the  upper  set,  opening  the  lower  set  while  the  test  is 
being  made.  Run  the  machine  with  both  sets  of  points  free  and  the 
reading  should  fall  within  the  Umits  given  in  columns  9  and  10. 

HEINZE-SPRINQFIELD  SYSTEM 
Six-Volt;  Two-Unit;  Single-Wire 

Qenerator.  The  generator  is  of  the  multipolar  shunt-wound 
type  (four  poles)  with  brushes  spaced  90  degrees  apart,  bringing  both 
on  the  left  side  of  the  commutator  to  make  them  more  accessible. 
The  negative,  or  lower,  brush  of  the  generator,  Fig.  291,  is  grounded 
to  the  brush  holder,  which,  in  turn,  is  grounded  on  the  generator 
brush  head.  From  the  positive,  or  upper,  brush  a  wire  runs  to  the 
terminal  GEN.  BR.4-  of  the  regulator  and  cut-out,  Fig.  292. 
From  this  terminal,  the  charging  circuit  leads  to  the  cut-out  contacts 
and  through  the  latter  and  the  series  winding  to  the  terminal 
BAT+  of  the  regulator  cut-out.  As  the  negative  brush  of  the 
generator  is  grounded,  the  negative  terminal  of  the  battery  and  one 
side  of  all  the  lights  are  grounded.  One  end  of  the  generator  shunt 
field  is  grounded  inside  to  the  generator  frame.  The  other  end  comes 
out  through  the  hole  provided  for  it  in  the  brush  head,  runs  to  the 
terminal  FLD  of  the  regulator  cut-out,  and  thence  to  the  contacts 
of  the  current  regulator  if  they  are  closed,  or  through  a  resistance  if 
they  are  open. 

Starting  Motor,  The  starting  motor  is  of  the  four-pole  series- 
wound  type  with  the  brushes  at  90  degrees  apart,  as  on  the  generator. 
The  positive  brush  is  on  top  of  the  commutator  and  carries  a  terminal 
to  which  is  connected  the  starting  cable.  The  lead  from  the  negative 
brush  divides,  part  of  the  current  passing  around  two  of  the  four  poles 
to  the  ground,  while  the  other  part  passes  through  the  other  two  poles 
to  the  ground  connection.    On  starting  motors  bearing  serial  numbers 
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below  5471,  the  grounded  ends  of  the  series  fields  were  soldered  to  the 
pole  pieces,  but  this  has  since  been  altered  by  securing  the  two  ends 
of  the  scries  field  to  a  ground  lead,  which,  in  turn,  is  secured  to  the 
bottom  of  the  motor  brush  head  by  means  of  a  hexagonal  nut  and 
lock  washer. 

While  the  system  is  of  the  two-unit  type  and  the  units  are  inde- 
pendent of  each  other  electrically,  they  are  combined  mechamcally 
by  making  the  rear  heads  of  both  in  one  casting.  The  starting  motor  is 
the  upper  of  the  two  units,  the  lighting  generator  being  placed  directly 
beneath  it.    Tbh  refers  to  the  set  supplied  for  installation  on  the  Ford. 


Keyulator  Mrmalure, 


Rcculalor  *im1  Battery  Cut-Oat 


Method  of  Operation.  Drive  is  by  means  of  a  silent  chain  directly 
to  tlie  sprocket  on  the  generator  shaft.  In  addition  to  the  sprocket 
in  question,  the  generator  shaft  carries  also  a  large  gear  adapted  to 
mesh  with  the  small  pinion  on  the  shaft  of  the  Bendix  drive  mounted 
on  the  shaft  of  the  starting  motor.  When  the  starting  motor  rotates, 
the  Bendix  pinion  automaticallj'  engages  the  gear  on  the  generator 
shaft  and  drives  to  the  engine  through  the  silent  chain,  the  engagement 
being  broken  as  soon  as  the  engine  turns  over  under  its  own  power. 

Regulation.  Voltage  Regulator  and  Re^tavce.  The  current 
r^ulator  is  combined  with  the  battery  cut-out  and  the  combined  unit 
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b  mounted  directly  on  the  starting  motor,  Fig.  292.  The  regulator 
side  of  the  relay  consists  of  two  contacts  B,  which  are  normally  held 
together  by  spring  tension  so  that  the  charging  current  does  not 
exceed  10  to  12  amperes.  When  the  voltage  rises  above  a  certain 
value  owing  to  the  increased  speed  of  the  engine,  the  regulator  arma- 
ture is  drawn  down,  separating  the  contacts,  and  the  current  must 
then  pass  through  the  resistance  unit  shown  beneath  the  coil.  This 
keeps  the  charging  current  down  to  the  value  mentioned. 

On  the  battery  cut-out  side,  the  relay  consists  of  two  contacts  A, 
which  are  normally  held  apart  by  spring  tension  when  the  engine  is 
not  nmning  orjs  running  too  slowly  to  Charge  the  battery.  As  soon 
as  it  is  running  fast  enough  to  generate  sufficient  voltage  to  overcome 
that  of  the  storage  battery,  the  regulator  armature  is  drawn  down, 
closing  the  contacts.  This  occurs  at  an  engine  speed  equivalent  to 
about  6  miles  per  hour,  at  or  above  which  the  battery  is  always  charg- 
ing. When  the  speed  decreases  to  below  this  point,  the  pull  on  the 
armature  is  not  sufficient  to  hold  it  down,  and  the  contacts  are 
separated  by  the  spring  C. 

Starting  Switch.  The  starting  switch  is  a  combination  dash 
switch  designed  to  control  the  starting,  lighting,  and  ignition.  In 
the  Ford  set,  the  ciurent  for  starting  and  lighting  is  fiu-nished  by  the 
battery,  while  the  current  for  ignition  comes  from  the  Ford  magneto. 
Starting  is  accomplished  by  depressing  the  button  in  the  center  of 
the  switch,  while  the  lights  are  controlled  by  rotating  the  switch 
lever.  By  rotating  the  switch  lever,  the  ignition  rotor  connects  the 
contacts  M  and  C,  Fig.  399,  in  the  IGN.  ON  position  and  allows 
current  to  flow  from  the  magneto  through  the  switch,  coil,  and  plug 
connections.  The  lighting  rotor  of  the  switch  is  always  supplied  with 
current  from  the  battery  through  a  sliding  contact  of  the  wiping 
type.  When  at  the  'Xights  Dim"  position,  the  current  passes  through 
the  dimming  resistance,  the  ignition  remaining  undistiu-bed  by  this 
change.  The  switch  is  designed  to  lock  both  the  starting  contact 
and  the  lighting  and  ignition  lever  in  the  IGN.  OFF  "Lights 
Dim"  position  for  parking  at  night,  and  in  the  OFF  position  for 
the  daytime. 

Instruments  and  Protective  Devices.  Unless  specially  ordered,  an 
ammeter  is  not  provided  with  the  system  designed  for  the  Ford  but 
may  be  had  at  an  extra  cost  in  the  form  of  a  combiuatvou  ^%.\v^ 


438  ELECTRICAL  EQUIPMENT 

carrying  the  switch,  the  ammeter,  and  a  dash  light.    The  regulator  and 
the  cut-out  serve  to  protect  the  generator  and  the  battery,  respectively. 

Wiring  Diagram.  As  installed  on  the  Ford,  including  an  amme- 
ter and  dash  lamp  as  just  mentioned,  the  details  of  the  wiring  are 
shown  in  Fig.  401.  The  negative  side  of  both  the  generator  and  the 
starting  motor  are  grounded,  the  connection  being  split  in  the  latter 
case  and  two  grounds  made.  The  negative  side  of  the  battery  and 
one  side  of  all  the  lamps  and  the  horn  as  well  are  accordingly  grounded. 
As  ignition  current  is  supplied  by  the  magneto,  the  only  connection 
of  the  ignition  system  with  the  lighting  and  starting  system  is  at  the 
combination  switch.  The  charging  current  from  the  generator  passes 
through  the  regidator  (lower  set  of  contacts)  and  when  the  engine  is 
running  at  a  speed  equivalent  to  6  miles  an  hour  or  more,  the  arma- 
ture of  the  cut-out  is  pulled  down  and  the  upper  set  of  contacts  closes. 
This  sends  the  charging  current  through  the  battery.  Should  the  car 
be  driven  at  a  speed  which  causes  the  output  of  the  generator  to 
exceed  10  to  12  amperes,  the  regulator  armature  is  attracted  and  the 
regulator  contacts  separate,  thus  shunting  the  current  through  a 
resistance  which  immediately  serves  to  decrease  the  excitation  of  the 
generator  fields  and  correspondingly  reduces  the  current  output  of 
the  latter.  When  the  speed  of  the  engine  drops  below  a  point  where  the 
voltage  generated  is  insufficient  to  charge  the  battery,  the  cut-out 
contacts  are  separated  by  the  spring,  as  the  pull  of  the  magnet  is  then 
not  strong  enough  to  hold  it  down.  The  Hghts  are  supplied  directly 
from  the  battery,  as  will  be  noted,  the  diagram  making  clear  the  vari- 
ous positions  of  the  rotating  switch  to  give  the  different  combinations 
available.  The  various  connections  and  their  significance  will  be 
clear  upon  comparing  this  with  other  and  similar  wiring  diagrams. 

Instructions.  Failure  of  the  starting  motor  to  operate  is  usually 
caused  by  lack  of  current  in  the  storage  battery,  although  this  fault 
may  be  due  to  several  causes,  acting  either  separately  or  together. 
Lack  of  charge  in  the  battery  is  usually  caused  by  over-frequent  use  of 
the  starting  system  with  but  little  driving  between,  so  that  the  gen- 
erator is  not  given  an  opportunity  to  charge  the  battery.  Other 
causes  of  failure  are  treated  under  Starting  and  Lighting  Storage 
Batteries,  in  another  section. 

Starting  Motor.  The  starting  motor  may  not  operate  because  of 
internal  trouble.    This  may  take  the  form  of  an  open-  or  short- 

4»\ 
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circuited  armature  or  fields  dirty  commutator,  insufficient  tension  on 
brusheSi  brushes  not  bearing  on  conmiutator,  or  grounded  brush 
holders,  armature,  or  field.  Of  these  various  causes  of  failure,  the 
first  is  liable  to  be  the  most  rare.  For  their  correction  see  the  various 
sections  on  testing  for  grounds  and  short-circuits  with  the  aid  of  the 
ammeter  also  on  care  of  commutator  and  brushes,  given  in  connection 
with  the  description  of  other  systems.  The  attention  required 
is  identical  in  practically  every  case  and,  where  the  brushes  and 
the  commutator  are  concerned,  does  not  vary  even  in  detail  on  the 
different  systems. 

Bendix  Drive.  Failure  of  the  Bendix  drive  to  operate  properly 
may  be  due  to  lubricating  the  screw  shaft,  on  which  no  oil  or  grease  is 
necessary,  since  it  will  work  better  without  it.  Putting  oil  on  this 
shaft  makes  impossible  the  "running  start",  which  is  the  great  advan- 
tage of  the  Bendix  drive;  i.e.,  the  starting  motor  should  almost 
instantly  attain  a  high  speed  the  moment  the  current  is  turned  on, 
but  the  Bendix  pinion  will  not  move  for  a  perceptible  interval.  When 
the  Bendix  pinion  does  move,  the  starting  motor  is  running  so  fast 
that,  at  the  moment  the  pinion  engages  suddenly,  owing  to  the  action 
of  the  spring,  the  engine  is  turned  over  the  first  compression  very 
much  easier  than  if  the  motor  had  to  start  nuder  load. 

Generator.  Trouble  in  the  generator  will  usually  be  manifested 
by  the  failure  of  the  machine  to  generate  a  terminal  voltage.  The 
first  warning  would  be  the  absence  of  any  reading  at  the  anmieter 
when  the  generator  should  be  charging,  the  engine  then  running  at  a 
speed  equivalent  to  6  miles  an  hour,  or  over.  If  no  ammeter  is 
employed,  the  discharged  condition  of  the  battery  may  be  traced 
either  to  the  generator  or  to  failure  to  drive  the  car  sufficiently 
during  the  daytime  and  between  starts  to  keep  the  battery  charged. 
If,  upon  test  with  the  hydrometer,  the  battery  indicates  rapid  recu- 
peration after  the  engine  has  been  running  for  15  to  30  minutes,  the 
gen  erator  is  not  at  fault.  Should  the  battery  specific-gravity  test  not 
show  any  improvement  after  running  30  minutes,  the  fault  may  be 
either  in  the  generator  or  in  the  regulator  cut-out.  As  is  the  case 
with  the  starting  motor,  defects  in  the  generator  may  take  the  form 
of  a  dirty  conmiutator,  badly  worn  brushes,  insufficient  tension  of 
brush  springs  to  keep  the  brushes  bearing  on  the  commutator;  the 
positive  brush  may  be  grounded;  or  there  may  be  open-cvtcv^it^  o^ 
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grounds,  or  short-circuits  or  grounds  in  the  field  or  armature.  In  any 
case,  the  attention  necessary''  will  be  the  same  as  that  already  outlined 
for  similar  faults  on  other  systems. 

Regulator  and  Cvl-Otd.  The  regulator  and  cut-out  consist  of  a 
single  electromagnet  with  a  split  core  on  which  there  are  two  windings. 
The  primary  is  in  series  with  main  charging  circuit  and  the  sec- 
ondary is  shunted  across  the  motor  brushes.  If  thegenerator  isatfault, 
the  battery  cut-out  natiu^lly  will  not  work,  as  there  will  be  no  voltage 
to  operate  it;  but  there  will  be  times  when  the  generator  is  working  all 
right  and  the  regulator  is  at  fault,  although  it  may  be  difficult  at 
first  sight  to  make  sure  which  is  the  cause  of  the  trouble.  To  deter- 
mine this,  with  the  engine  running  at  a  speed  equivalent  to  6  miles  an 
horn-  or  more,  press  the  battery  cut-out  contacts  together  with  the 
fingers.  If  the  ammeter  then  shows  a  charge  reading,  and  there  b  no 
dash  anmieter,  a  weight  may  be  placed  on  the  cut-out  armature  to 
keep  the  contacts  together  for  30  minutes  or  so,  and  if  the  battery 
then  shows  that  it  is  charging,  the  cut-out  and  not  the  generator 
is  at  fault.  If,  with  the  cut-out  contacts  thus  held  together, 
there  is  no  sign  of  charging  the  battery,  the  generator  is  the  cause 
of  the  trouble. 

To  adjust  the  regulator  and  cut-out,  first  adjust  the  regulator 
side,  as  the  cut-out  is  dependent  upon  the  regulator  adjustment. 
Before  starting  the  engine,  remove  the  regulator  and  the  cut-out 
cover,  then  remove  the  wire  to  the  terminal  "BAT 4-"  and  insert 
an  ammeter  in  the  charging  circuit  at  this  point,  though  if  there 
be  an  ammeter  on  the  dash,  it  may  be  used.  Start  the  engine  and  run 
it  very  slowly.  See  that  the  regulator  contacts  are  together.  Fig.  292. 
At  a  speed  equivalent  to  6  miles  an  hour  or  over,  the  cut-out  contacts 
A  should  close,  and  with  the  contacts  at  B  closed,  the  anmieter 
should  show  a  reading  of  4  amperes.  If  contacts  A  do  not  close  at 
this  point,  there  may  be  too  much  tension  on  the  spring,  which  may 
be  remedied  by  bending  the  spring-holding  support  upward  at  C. 
Should  the  ammeter  reading  go  above  10  to  12  amperes  as  the  speed 
increases,  this  is  due  to  the  contacts  B  of  the  regidator  not  opening  as 
they  should.  The  tension  of  the  armature  spring  of  the  regulator 
should  then  be  lessened  by  bending  the  spring-holding  support  slightly 
upward  at  D,  Note  very  carefully  as  the  engine  speed  is  decreased 
that  there  is  enough  spring  tension  on  the  cut-out  armature  to  open 
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the  contacts  A  when  the  relay  is  demagnetized,  due  to  the  voltage 
of  the  battery  exceeding  that  of  the  generator. 

Trouble  in  the  regulator  and  cut-out  will  manifest  itself  in  two 
ways — insufficient  charging  current  or  no  charging  current  reaching 
the  battery  and  too  much  current  at  the  higher  car  speeds.  It  may  be 
due  to  several  causes,  acting  either  separately  or  collectively — the 
armatures  springs  may  be  out  of  adjustment;  the  current  or  voltage 
windings  may  be  short-eircuited,  open,  or  grounded;  the  two  sets  of 
contacts  may  be  dirty;  or  the  resistance  unit  may  be  open.  If  the 
ammeter  reading  fluctuates  though  the  engine  speed  remains  constant, 
it  b  an  indication  of  dirty  contacts.  They  should  be  trued  up  with  a 
file.  If  the  regulator  has  failed,  the  current  may  have  attained  a 
value  of  30  to  40  amperes  and  caused  the  contacts  to  fuse  together. 
Separate  and  file  clean. 


ELECTRICAL  EQUIPMENT  FOR 

GASOLINE  CARS 

PART  VI 
ELECTRIC  STARTING  AND  LIGHTING 

SYSTEMS— (Continued) 


PRACTICAL  ANALYSIS  OF  TYPES— (Continued) 

LEECE-NEVILLE  SYSTEM 
Six-Volt;  Two-Unit;  Two-Wire 

Qenerator.  Standard  shunt-wound  bipolar  type,  combined 
with  ignition  timer  and  distributor  driven  by  a  worm  gear  on  the 
armature  shaft.  The  generator  is  mounted  on  the  left  side  of  the 
engme  and  is  driven  by  the  pump  shaft  (Haynes  1913  installation, 
and  subsequent  models  to  date). 

It  differs  from  the  standard  shunt-wound  machine  in  that  the 
shunt  field  is  connected  to  the  regulating  third  brush.  This  brush 
collects  current  from  the  commutator  and  excites  the  field,  so  that  a 
strong  shunt  field  is  provided  at  comparatively  low  speeds.  As  the 
speed  increases,  the  voltage  supplied  to  the  shunt  field  decreases, 
even  though  the  total  voltage  between  the  main  brushes  may  have 
increased.  This  weakens  the  field  and  prevents  the  output  of  the 
generator  from  increasing  with  the  increased  speed.  At  higher  speeds 
it  acts  somewhat  similarly  to  a  bucking-coil  winding  in  that  it  further 
weakens  the  field  and  causes  the  generator  output  to  decrease  still 
more.  The  closer  the  third  brush  is  set  to  the  main  brush  just  above, 
the  greater  will  be  the  output  of  the  machine;  moving  it  away  from 
the  main  brush  decreases  the  output. 

Regulation.  Generators  of  the  1915  and  1916  models  are  con- 
trolled by  armature  reaction  through  a  third  brush,  the  field  coils 
receiving  their  exciting  current  from  the  armature  through  this 
brush.  The  position  of  the  latter  on  the  commutator  is  shown  at 
B,  Fig.  293.    A  slight  rotation  of  this  brush  relative  to  the  comr 
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mutator  changes  the  electrical  output  of  the  macJune.    As  adjusted 
at  the  factory  this  brush  is  set  to  give  a  maximum  output  of  15 
amperes  at  7}  volts.    (All  generators 
for  6-volt  systems  are  wound  to  pro- 
duce aa  e.m.f.  of  7}  volts,  or  there- 
about, in   order   that  the   voltage 
of  the  generator  may  exceed  that  of 
the  battery  when  the  latter  is  fully 
charged.    The  e.iD.f.  of  generators 
for  12-volt  and  24-volt  systems  also 
exceeds  that  of  their  batteries  in 
3    about  the  same  proportion.    Oth^- 
wise,  the  generator  would  not  be  able 
to  force  current  throu^  the  battery.) 
Startiiq;  Motor.    The  motor  b 
of  the    bipolar    8erie»-wound    type 
driving  the  engine  tbrou^  a  roller 
chain  and  an  over-running  clutch. 
Instruments.     An  indicating 
Fia.  293.  Dingram  of  Art.nmmtnt  of      type  of  battery  cut-out  18  employed, 
6-vo?i  ctH^ioV  '  thus  combining  the  functions  of  the 

cut-out  and  ammeter  in  one  device.  The  details  of  this  device  are 
shown  in  Fig.  294.  0  is  the  winding  or  coil  of  the  electromagnet 
of  which  the  U-shaped  bar 
8  forms  the  magnetic  drcuit. 
At  4  is  the  pivoted  armature, 
normally  held  in  the  OFF 
position  as  shown  by  a  spring, 
when  no  current  is  passing, 
and  adapted  to  be  drawn 
against  the  pole  pieces  of 
the  magnet  when  the  latter 
is  excited  by  the  charging 
current.  As  the  two-wire  sys- 
tem is  employed,  the  cut-out 
breaks  both  sides  of  the  batterj'-charging  circuit  and  it  is  provided 
with  six  current-carrying  contacts  on  each  of  the  sides  of  the  drcuit. 
Four  of  these,  which  carry  most  of  the  current,  are  copper  to  bronze, 
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while  those  that  take  the  spark  in  breaking  the  circuit  are  cophiie  to  iron 
and  are  actuated  by  a  spring.  The  indicating  target  16  is  held  in  the 
OFF  position  by  the  spring  19  when  no  current  is  passing,  and 
this  reading  appears  in  the  opening  of  the  panel  on  the  cover. 
When  the  generator  starts  and  the  cut-out  closes,  the  target  is 
moved  to  bring  the  word  CHARGING  in  the  opening.  The 
same  panel  also  carries  the  three-way  lighting  switch  controlled 
by  buttons.  The  central  button  closes  the  circuit  to  the  head- 
lights and  tall  lights  in  the  usual  manner,  while  the  upper  button 
throws  the  headlights  In  series-parallel  connection.  As  this  doubles 
the  resistance,  it  halves  the  voltage  passing  through  the  lamps,  and 
they,  accordingly,  bum  dimly.  The  lower  button  controls  the  cowl 
light  over  the  instruments  on  the  dash. 

Wiring  Diagram.  Fig.  295  illustrates  the  Haynes  1915  installa- 
tion. \Miile  two  wires  are  employed  for  connecting  all  the  appara- 
tus, it  will  be  noted  that  the  storage  battery  and  the  dry-cell  battery 
are  grounded  by  a  common  ground  connection.  This  is  to  permit 
using  current  from  the  storage  battery  for  ignition,  the  correspond- 
ing ground  to  complete  the  circuit  being  noted  at  the  ignition  coil, 
close  to  the  distributor.  The  connections  G  and  B  on  the  panel 
board  are  those  of  the  generator  and  the  battery  to  the  indicating 
battery  cut-out,  the  connections  of  three  lighting  switches  being 
shown  just  to  the  right.  In  Fig.  296  is  shown  the  Leece-Neville 
installatioD  in  \Al)ite  cars. 
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When  thia  fuse  blows  out,  both  the  generator  and  the  circuit-breaker 
become  inoperative.    Any  one  of  the  following  condidons  may  cause 


■CBSZH'' 


this  fuse  to  blow  out :  loose  or  corroded  connections  at  the  battery ;  an 
open  circuit  in  the  wiring  on  the  battery  side  of  the  cut-out;  not 
t  water  in  the  battery;  output  of  the  generator  too  ^^'i 
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allowing  the  main  brush  directly  above  the  third  brush  to  stick  in  its 
holder;  a  loose  connection  at  the  point  At,  Fig.  297;  improper  insula- 
tion between  the  wires  Bi  and  Bt  in  the  connector  plug,  Fig.  297. 
By  an  open  circuit  is  meant  an  actual  break  at  a  connector  or  a  termi- 
nal, or  in  the  wiring  itself,  while  a  loose  connection  signifies  an  inse- 
curely fastened  terminal  or  wire,  at  a  junction  box,  or  at  any  other  part 
of  the  system.  If  there  is  a  short-circuit  in  the  field  winding  of  the 
generator,  this  also  will  cause  the  fuse  to  blow  out. 

Testing  the  Field  Winding.  While  a  short-circuit  in  the  field 
winding  of  any  generator  is  a  rare  fault,  there  are  times  when  the 
trouble  cannot  be  traced  to  any  other  part  of  the  system.  To  test 
the  Leece-Neville  generator  for  this,  connect  the  negative  terminal  of 
the  portable  testing  anmieter  to  Fi,  Fig.  297,  while  the  positive  termi- 
nal of  the  motor  must  be  connected  to  the  positive  terminal  of  a  6- volt 
storage  battery ;  the  negative  terminal  of  the  battery  is  to  be  connected 
to  the  third  brush  when  drawn  from  its  holder.  If  the  indication  of 
the  anmieter  is  above  4  amperes,  there  is  a  short-circuit  in  the  field 
windings.  In  such  a  case,  the  generator  should  be  returned  to  the 
manufacturers  for  repairs. 

With  the  engine  running,  the  working  of  the  generatof  should  be 
inspected  from  time  to  time.  In  case  there  is  excessive  sparking  or 
"arcing"  between  the  brushes  and  the  commutator,  examine  the  con- 
nections at  Fi  and  Ai  and  see  that  the  screws  are  perfectly  tight, 
as  these  screws  sometimes  work  loose  and  are  responsible  for  this  arc- 
ing which  is  destructive  to  the  commutator.  The  loosening  of  the 
connections  at  Fi  and  .li  will  have  no  effect  on  the  fuse;  but  if  the 
connection  at  A2  loosens,  the  fuse  will  burn  out.  When  inspecting  the 
operation  of  the  generator,  see  that  the  brushes  are  making  good  even 
contact  with  the  commutator,  and  wipe  away  all  particles  of  dust  and 
grit  from  around  the  brushes  and  their  holders.  With  the  engine 
stopped,  see  that  the  brushes  move  freely  in  their  holders.  This 
should  always  be  done  where  a  car  has  been  laid  up  for  some  time 
(before  starting  the  engine)  as  the  brushes,  through  disuse,  will  have 
a  tendency  to  stick. 

The  fuse  in  the  circuit-breaker  has  no  effect  whatever  on  the 
output  of  the  generator,  so  that  a  larger  fuse  must  not  be  inserted  in 
case  the  generator  is  not  delivering  its  rated  output  or  more.  The 
makers  supply  a  5-ampere  fuse  for  this  purpose,  and  if  a  fuse  of 
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ivier  capacity  is  employed,  it  will  cause  both  the  circuit-breaker 
ind  the  generator  to  bum  out.  This  will  be  the  case  also  where  a 
'jumper"  is  resorted  to,  i.e.,  a  piece  of  wire  or  other  metal  bridging 
fuse  clips  so  that  the  fuse  is  cut  out  of  the  circuit.  It  must  be 
>ome  in  mind,  however,  that  these  fuses  are  more  or  less  fragile  and 
likely  to  become  damaged  by  careless  handling.  A  fuse  whose 
connections  have  been  loosened  up  is  likely  to  blow  out  on  that 
Icoount,  so  before  inserting  a  fuse  in  the  clips  of  the  circuit,  it  should 
ie  examined  to  see  that  the  ferrules  on  each  end  of  the  cartridge  are 
l|terfectly  tight.  Where  a  good  fuse  has  been  inserted  and  it  blows  out, 
the  cause  should  be  ascertained  before  inserting  another  fuse. 

ReiftJatiTi^  Bruth,  In  case  the  generator  output  falls  off  aa 
diown  by  its  inability  to  keep  the  battery  properly  charged,  the 
battery  itself  and  all  connections  being  in  good  condition,  and  a 
[woper  amount  of  day  running  being  done  to  provide  the  necessary 
cftiarging  current,  the  trouble  may  be  in  the  regulating  brush  of  the 
penerator.  Test  by  inserting  an  ammeter,  such  as  the  Weston 
portable  or  any  other  good  instrument  with  a  scale  reading  to  30 
amperes,  in  the  line  between  the  generator  and  the  battery.  Run 
tbe  engine  at  a  speed  corresponding  to  20  miles  per  hour,  at  which 
rate  the  ammeter  should  record  a  current  of  approximately  15 
amperes.  If  the  ammeter  needle  butts  against  the  controlling  pin 
at  the  left  end  of  the  scale  instead  of  showing  a  reading,  it  indicates 
ttut  the  polarity  is  wrong,  and  the  connections  should  be  reversed. 
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from  the  third  brush  until  there  is  no  danger  of  their  touching. 
After  securing  the  desired  adjustment,  fasten  the  third  brush  in 
place  again,  stop  the  engine,  and  then  reconnect  the  generator  to  the 
battery.  Do  not  cut  the  anuneter  out  of  the  circuit  while  the  gen- 
erator is  running. 

To  Adjust  Third  Brush,  Before  making  any  adjustment  of  the 
third  brush  when  it  is  suspected  that  any  trouble  with  the  current 
supply  is  due  to  the  generator,  the  output  of  the  generator  should  be 
tested.  On  a  car  equipped  with  lamps  totaling  250  candle  power  or 
more  (this  refers  to  White  busses),  the  generator  should  produce  20 
amperes.  Run  the  engine  at  a  speed  sufficient  to  drive  the  car  15 
o  16  miles  per  hour  on  direct  drive  and  note  the  reading  of  the  dash 
ammeter.  In  case  the  car  has  seen  considerable  service,  it  may  be 
well  to  check  the  dash  anuneter  with  the  more  accurate  portable 
ammeter  described  in  connection  with  other  tests  in^  previous  and 
subsequent  sections.  Where  the  car  lighting  system  totals  250  c.p. 
or  over,  and  the  ammeter  reading  shows  more  than  four  amperes  above 
or  below  20,  the  generator  should  be  adjusted  to  give  its  rated  capadty 
of  20  amperes — as  every  15  c.p.  less  than  250  c.p.  used  on  the  car, 
lower  the  output  of  the  generator  by  one  ampere.  By  making  the 
adjustments  in  this  manner,  the  storage  battery  will  be  amply 
protected. 

Before  making  any  generator  adjustments,  test  the  storage  bat- 
tery with  the  hydrometer.  Do  not  add  any  distilled  water  just  pre- 
vious to  making  this  test  unless  the  level  of  electrolyte  is  right  down  to 
the  plates  so  that  sufficient  liquid  cannot  be  drawn  into  the  hydrome- 
ter; in  this  case,  add  water  and  charge  the  battery  for  at  least  one  hour 
before  making  the  hydrometer  test.  If  the  specific  gravity  of  the  elec- 
trolyte is  1 .250  or  over,  and  the  generator  is  found  to  be  delivering  less 

than  the  rated  lamp  load,  no  adjustment  of  the  generator  should 
be  made. 

To  increase  the  output  of  the  generator,  rotate  the  third  brush 

in  the  direction  of  rotation  of  the  armature;  to  decrease  the  output, 

move  the  brush  against  the  direction  of  rotation.    Adjustments 

should  be  made  with  the  engine  standing.    Loosen  the  screw  at  the 

rear  of  the  commutator  housing  shown  at  the  point  F,  Fig.  293. 

This  releases  the  third  brush  holder,  and  the  brush  may  then  be  moved 

in  the  direction  desired.     It  should  be  moved  only  a  short  distance, 
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and  the  generator  then  should  be  tested  until  the  desired  output  is 
secured.  In  case  the  third  brush  should  come  in  contact  with  the 
main  brush  above  in  the  course  of  adjustment,  it  will  be  necessary  to 
move  the  main  brushes.  To  do  this,  loosen  the  two  set  screws  E, 
Fig.  293,  and  move  the  main  brush  holder  far  enough  away  from 
the  third  brush  so  that  there  is  no  possibility  of  contact  between  them. 
When  the  desired  location  is  found,  sand-in  the  third  brush  to  the  com- 
mutator and  also  clean  the  commutator  with  a  piece  of  worn  sand- 
paper as  described  in  the  section  on  Sanding-In  the  Brushes  (Delco 
instructions) ;  if  it  has  been  necessary  to  move  the  main  brushes,  they 
should  be  sanded-in  also.  The  brush  holder  screws  should  be  well 
tightened  after  making  any  adjustments  to  prevent  any  possibility  of 
the  vibration  and  jolting  loosening  them  up  and  throwing  the  gener- 
ator out  of  adjustment  again. 

Brush  Replacements.  Never  replace  any  of  the  brushes  on 
either  the  generator  or  starting  motor  with  any  but  those  supplied 
by  the  manufacturer  of  the  system  for  this  purpose.  Motors  and 
generators  adapted  for  use  on  electric-lighting  circuits  are  usually 
fitted  with  plain  carbon  brushes.  These  are  not  suitable  for  use  on 
automobile  generators  or  starting  motors  owing  to  their  resistance 
being  much  higher.  Due  to  the  low  voltage  of  electric  apparatus 
on  the  automobile,  special  brushes  of  carbon  combined  with  soft 
copper  are  usually  employed.  Brushes  also  diiBFer  greatly  in  hard- 
ness, and  a  harder  brush  than  that  for  which  the  commutator  is 
designed  will  be  liable  to  score  it  badly  besides  producing  a  great  deal 
of  carbon  dust,  which  is  dangerous  to  the  windings.  This,  of  course, 
applies  to  all  makes  of  apparatus  and  not  merely  to  that  under 
consideration. 

Generator  or  Motor  Failure.  For  failure  of  the  generator  or  of 
the  starting  motor,  see  instructions  under  Auto-Lite,  Delco,  and 
Gray  &  Davis,  bearing  in  mind,  however,  that  the  system  under 
consideration  is  of  the  two-wire  type,  so  that  in  using  the  test  lamp 
to  locate  short-circuits  a  connection  to  the  frame  or  ground  is  not 
always  necessary.  The  short-circuit  may  be  between  two  adjacent 
wires  of  different  circuits.  Given  properly  installed  wires  and 
cables,  there  is  less  likelihood  of  short-circuits  in  the  wiring  of  a  two- 
wire  system.  Defective  lamps  will  not  infrequently  prove  to  be  the 
cause,  as,  in  burning  out,  a  lamp  often  becomes  short-circuited. 
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NORTH  EAST  SYSTEM* 

Twelve-Volt,  Sixtcen-Volt,  or  Twenty-Four-Volt;  Sincle-Unit;  Slnfl^ 
Wire  or  Two-Wire,  According  to  the  InaUllation 

Dytumotor.  The  dynamotor  is  of  the  four-pole  type,  with  both 
windings  connected  to  the  same  commutator.  It  is  designed  for 
installation  either  with  silent-chain  drive — as  on  the  Dodge,  Fig.  298, 
in  which  case  the  drive  is  direct  either  as  a  generator  or  as  a  motor — 
or  with  a  special  redudng  gear  and  clutch  for  driving  from  the 
pump  or  magneto  shaft  of  the  engine.  In  the  latter  type,  the  start- 
ing switch  is  mounted  on  the  gear  houdng,  which  is  integral  with 


Fl«.  298.     Xurth  Eut  Dynainatoi  with  Silfnt-Chun  Drin 

Cowttiy  aj  North  Btut  Sltciric  Company,  ItocUiler,  Ntw  York 

the  bedplate  of  the  dynamotor.  In  this  case  the  drive  as  a  gener- 
ator is  li  times  engine  speed,  while  as  a  starting  motor  the 
reduction  through  the  gear  is  approximately  40  : 1. 

Regulation.  The  regulation  is  by  means  of  a  differential  wind- 
ing or  bucking  coil,  in  connection  with  an  external  resistance  auto- 
matically cut  into  the  shunt-field  circuit  by  a  relay  in  series  with  the 
battery  cut-out.  See  "limiting  relay".  Fig.  299.  The  "master 
relay"  is  the  battery  cut-out,  and  the  condenser  is  to  reduce  sparking 
at  the  contacts  of  these  relays. 

Protective  Devices.  There  is  a  fuse  in  the  field  drcuit  of  the 
generator,  but  fuses  are  not  employed  on  the  lighting  circuits, 

•Tlifl  volU««  of  any  ByBWm  may  I 
■ton««  battery,  ind  multiplying  by  Z  in  tt 
■u  EdiHD  twttary  i*  UMd 
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Wiring   Diagrams.    A  graphic  diagram  of  the  North  East 


installation  uii  tin;  Dtxige  is  shown  in  Fig.  300,    This  is  a  6-tcll  or 
12-voIt  system  single-wire  type.     The  sorocket  on  the  forward  end 
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of  the  macbine  drives  from  a  dmilar  but  much  larger  sprocket  oa 
the  forward  end  of  the  crankshaft  of  the  engine  through  a  silent 
chain.  The  wiring  diagram  of  the  Krit  1915,  Fig.  301,  will  be 
,  recognized  as  being  the 
same  as  the  Dodge,  except 
for  the  use  of  two  wires 
throughout.  Fig.  302 
shows  the  wiring  diagram 
of  an  S-cell  or  16-volt 
system,  but  the  battery  is 
divided  for  the  lighting 
(rircuits  so  that  8J — ^volt 
lamps  are  used,  whereas 
14-volt  bulbs  are  necessary 
on  the  Dodge  installation 
as  the  entire  battery  b 
used  in  series  for  lighting. 
The  wiring  of  the  12-cell 
or  24-vo1t  system  is  shown 
in  Fig.  303.  In  this  case 
the  battery  is  divided  for 
lighting  so  that  7-volt 
lampsareemployed.  Such 
a  system  is  usually  desig- 
nated as  24 — 6-volt,  while 
the  previous  one  would  be 
a  16— 6-volt.  The  North 
East  installation  for  Ford 
cars  is  24— 14-volt.  With 
the  exception  of  the  Dodge, 
the  two-wire  system  is 
employed  on  the  instal- 
lations mentioned. 

Instructions.      The 
indicator  shows  when  the 
battery  is  enlarging  or  dis- 
charging and  accordingly 
i8H^-»-vilt  liiV."  should  indicate  OFF  when 
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the  engine  is  idle  and  no  lamps  are  lighted.  A  discharge  reading  under 
such  conditions  would  indicate  the  presence  of  a  ground,  short-circuit, 
or  failure  of  the  battery  cut-out  to  release.  Should  the  generator  fail 
to  charge  the  battery,  note  whether  the  field  fuse  has  been  blown  by 
short-circuiting  the  fuse  clips  with  the  pliers  or  a  piece  of  wire  while 
the  engine  is  running  at  a  moderate  speed.  Look  for  cause  of  failure 
before  replacing  the  fuse.  If  the  fuse  has  not  blown,  see  wheth^ 
battery  cut-out  is  operating;  look  for  loose  connections  at  generator, 
cut-out,  and  battery.  If  the  battery  is  properly  charged,  loose  con- 
nections are  also  most  likely  to  be  the  cause  of  failure  of  the  starting 
motor;  or,  any  of  the  instructions  covering  brushed,  conmiutator,  etc., 
as  given  previously,  may  apply. 

Battery  CvirOvt  and  ReguUUor  (Relays).  In  every  case  where  it  is 
necessary  to  make  repairs  on  starter-generators  equipped  with  the 
earUer  type  cut-out  and  regulator  (relays),  1283  (12-volt),  1860 
(16-volt),  2501  (24-voIt),  1900  (16-volt),  and  2503  (12  and  24-volt), 
it  is  advisable  to  replace  the  cut-out  entirely,  installing  a  later  and 
improved  type,  1196  (12-volt),  or  1197  (24.volt  and  16-volt).  In 
order  to  adapt  the  starter-generator  to  the  1196  and  1197  cut-out,  or 
relay  units,  it  is  necessary  to  cut  out  the  bosses  on  the  commutator 
end  bearing  in  which  the  studs  holding  the  original  relay  were 
screwed.  This  will  provide  the  clearance  required  to  prevent  ground- 
ing of  the  nuts  which  secure  the  units  to  their  baseboard.  As  a 
further  precaution  against  grounding,  it  will  be  necessary  to  cut  away 
that  portion  of  the  gasket  retainer  which  would  be  Uable  to  come 
into  contact  with  the  armature  of  the  master  relay. 

Fasten  down  the  baseboard  which  carries  the  relays  by  screwing 
the  resistance  unit  studs  into  the  holes  which  were  used  for  the  former 
resistance  studs.  Before  making  connections  on  the  relay,  draw 
tight  all  leads  which  come  from  inside  the  starter-generator  so  as  to 
take  up  whatever  slack  they  have;  then  tie  them  together  with  string 
to  prevent  their  slipping  back.  No  loose  wire  must  be  left  inside  the 
starter-generator,  because  of  its  tendency  to  be  drawn  in  between  the 
armature  and  the  pole  pieces.  The  connections  on  the  four-terminal 
type  starter-generator  are  made  as  follows : 

Looking  at  the  starter-generator  from  the  driving  sprocket  end, 
the  main  terminals  1,  2,  4,  and  3  of  the  starter-generator  are  consid- 
ered as  being  numbered  in  anti-clockwise  rotation.  Fig.  304.    Viewing 
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the  relay  unit  as  mounted  on  the  starter^nerator  with  the  larger,  or 
master  relay,  at  the  left,  the  four  binding  posts  a,  b,  c,  and  d  are 
designated  from  left  to  right  in  the  same  illustration.  To  relay  bind- 
ing post  a,  connect  lead  (red)  coming  from  starter-^nerator  terminal 
2.    To  relay  binding  post  6, 

connect   lead  (black)   coming  ^"'^^*^^E\     ifo^Tte^ry 

direct  from  starter-generator 
terminal  3.  To  relay  binding 
[  post  e,  connect  lead  (green) 
from  starter-generator  ter- 
minal 4.  To  relay  binding 
post  d,  connect  lead  (yellow) 
from  starter-generator  shunt- 
field  coils.  It  is  always  advis- 
able to  check  the  identity  of  the 
leads  by  inspection  and  test. 
In  order  to  make  a  posi- 
tive distinction  between  the  d 
lead  and  the  b  lead,  both  of 
which  are  in  electrical  connec- 
tion with  the  starter-generator 
terminal  3,  the  following  test 
should  be  made:  Using  the 
test-lamp  outfit,  send  current 
from   stiirttT-gcnerator  ter- 


^Tmrrat-txfamiTpK 


400 


ELECTRICAL  EQUIPMENT 


mounted  on  the  starter-generator  with  the  master  relay  at  the  left, 
the  four  binding  posts  a,  b,  c,  and  d  are  designated  from  left  to  rig^t 
as  shown  in  the  illustration.  Proceed  with  the  instructions  as  givra 
for  the  four-terminal  type  starter-generator  as  given.  The  new  type 
relays  1196  and  1197  are  regularly  furnished  with  local  comiec- 
tions,  as  shown  in  Hg.  304) 
but  it  will  be  necessary  to 
make  the  following  altera- 
tions when  applied  to  the 
five-terminal  type  starter- 
generator,  so  that  the  relay 
connections  will  conform  to 
the  diagram  in  f^.  305. 
Remove  the  jumper  lead  that 
connects  the  frame  of  the 
master  relay  to  the  rear  con- 
tact terminal  on  the  limiting 
relay;  remove  from  relay 
binding  post  a  the  left-hand 
resistance-unit  lead. 
Lengthen  this  lead  by  splic- 
ing a  piece  of  the  same  kind 
uf  wire  to  it,  and  solder  it  to 
the  limiting  relay  contact  ter- 
minal, from  which  the  jumper 
lias  been  removed.  To  this 
tenninal  must  also  be  sol- 
dered the  lead  coming  from 
starter-generator  terminal  5. 
(In  some  starter>generators 
tliis  lead  indudes  the  field 
fuse.) 

The  condenser  in  the  early  models  is  mounted  between  the  field 
coils.  One  ci)n<ii'nHcr  Icjid  must  either  be  connected  to  the  relay 
binding  post  a  lis  sliown  in  t-itlicr  Fig.  3()4  or  Fig.  305  or  be  spliced 
to  the  wire  tt-ailing  to  it.  The  other  condenser  lead  must  either  be 
connected  to  the  relay  bindiug  post  d  or  spliced  to  the  shunt-field 
wire  leading  to  it. 
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Starting  Switch,  When  its  operatioD  indicates  that  the  con- 
tactor blades  have  worn,  the  starting  switdi  should  be  dismounted, 
and,  if  necessary,  new  blades  should  be  inserted.  To  disassemble  the 
switch,  proceed  as  foUows:  (1)  Remove  the  ^Ming  2265,  Fig.  306,  on 
the  switch  case  2365;  (2)  remove  the  cotter  pin  from  the  collar  2416; 
(3)  withdraw  the  shaft  and  lever  2401,  together  with  the  spring 
1818;  (4)  remove  the  three  screws  whidi  hold  the  cover  2401  in  place, 

and  remove  the  cover; 

-  I    l    (5)  remove  the  stop  2457; 

_CV-    and   (6)  disconnect  the 

row-   I \'^^^  ^   ' 

\oi3-  \       UjJ^    «     spring  1813  from  the  arm 

of  the  ratchet  and  re- 
move the  contactor  mem- 
ber 2344. 

If,  upon  inspection, 
the  contacts  are  found  to 
be  in  such  a  condition 
that  their  renewal  is  nec- 
essary, make  a  replace- 
up^j^^fift  /f/iVfis  ment  of  the  entire  cover 
Tops^bottom  v^emi  of  5fop    membcr    2404   and   the 

entire    contactor    2344. 
Before  placing  these  new 
(^^  parts  in  the  switch,  the 

Fir.  307.     Anncmbly  of  Starting  Switch  foUowing     poiotS    should 

Caurte^yofNarthEaHEUctric  Company,  Rochester.  Neu>  York     ^^^^y^  carcful  attention: 

the  front  edges  of  the  contact  blocks  should  be  slightly  rounded  so 
as  to  eliminate  the  possibility  of  these  edges  catching  on  each  other 
when  the  switch  is  being  operated.  The  supports  on  the  cover 
must  be  adjusted  so  that  they  lie  parallel  with  the  faces  of  the 
contact  blocks. 

The  upper  surfaces  of  the  supports  must  be  .010  to  .015  inch 
lowiT  than  the  contact  surface  of  the  block.  Care  should  be  taken 
that  the  upper  surface  of  the  contact  blocks  are  ^  inch  above  the 
iruuT  surfiice  of  the  cover.  A  small  steel  straightedge  laid  upon 
the  face  of  the  contact  block  and  extended  over  the  supports, 
as  shown  in  Fig.  307  (a),  will  serve  as  a  means  of  checking  these 
dimensions. 
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Before  pladng  in  service,  the  contact  surfaces  must  be  carefully 
cleaned  and  lubricated  with  a  very  small  quantity  of  vaseline.  To 
reassemble  the  switch:  (1)  Connect  the  spring  1813,  Fig.  306,  to  the 
arm  of  the  ratchet;  (2)  place  the  contactor  member  2344  in 
the  switch  case  in  such  a  position  that  the  ratchet  will  lie  against  the 
pawl  1830;  and  (3)  hold  the  switch  case  in  the  left  hand,  lever  aide  up, 
and  insert  the  right  forefinger  through  the  hole  in  the  switch  case 
and  introduce  the  pawl  into  the  first  notch  of  the  ratchet.  Fig,  307  (6) ; 

(4)  hold  these  parts  carefully  in  position  and  replace  the  cover  2404, 
Fig.  306,  fastening  it  to  the  switch  case  by  means  of  the  three  screws; 

(5)  insert  the  stop  through  the  hole  in  the  switch  case  and  replace  it 
upon  the  ratchet  plate  in  such  a  position  that  the  elongated  portion 
of  the  stop  will  lie  between  the  raised  projection  which  is  found  on 
the  ratchet  plate  and  the  end  of  the  short  lever  on  the  pawl  as  shown  in 
Fig.  307  (e).  It  is  very  important  that  the  stop  be  placed  in  the 
switch  right  side  up.  Fig.  307  (d)  illustrating  the  proper  method  of 
doing  this.  (6)  Place  the  spring  on  the  shaft  and  replace  the  shaft  in 
the  switch,  taking  care  while  entering  the  shaft  not  to  disturb  the 
arrangement  of  any  of  the  switch  parts ;  (7)  replace  the  collar  and  the 
cotter  pin ;  and  (8)  connect  the  spring  2265  with  the  lug  on  the  switdi 
case.  A  drop  of  light  oil  should  be  applied  to  the  bearing  point  at  each 
end  of  the  switch  shaft  2401 . 

Switch  Tests.  To  determine  whether  the  switch  has  been 
assembled  correctly,  pull  the  lever  through  the  full  length  of  its  stroke 
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Replacing  Dodge  Ckain.  When  the  drivuig  chain  on  any  equip- 
ment operated  in  this  manner  has  n'om  to  a  point  where  it  no  longer 
makes  proper  contact  with  the  sprockets  (the  chain  being  adjusted  to 
the  correct  tension),  it  will  be  necessary  to  replace  it.  While  the 
following  instructions  for  "fishing"  the  chain  through  the  housing 
apply  particularly  to  the  Dodge  car,  with  little  modificatJons 
here  and  there  they  will  be  found  equally  applicable  to  all  similar 
installations. 

Having  removed  the  old  chain,  pass  a  short  piece  of  wire  throu{^ 
the  end  of  the  new  chain,  Fig.  308.  Then  start  the  chain  on  the 
lower  side  of  the  sprocket,  as  shown  in  the  illustration,  hooking  the 
wire  through  the  sprocket  to  keep  the  chain  in  mesh,  and  slowly  tuni 
the  engine  over  by  hand  until  the  chain  appears  at  the  top  of  the 
sprocket.  Then  remove  the  wire  from  the  sprocket,  hold  the  end  ti 
the  chain,  and  continue  to  turn  the  engine  over  until  the  chain  is  id 
a  position  to  apply  the 
master  link. 

Mechanicai  andEUc- 
tricai  Characteriatict. 
When  it  is  desired  to 
make  bench  tests  of  any 
of  the  North  East  appar 
ratus  with  the  aid  of  the 
outfitdescribed  in  connec- 
tion with  the  Gray  & 
Davis  tests,  the  data 
shown  in  Table  V  will 
be  found  valuable  for 
checking  purposes.  The 
left-hand  columns  give 
the  mechanical  charac- 
teristics, with  the  aid  of 
which  the  unit  may  be 
identified,  while  the  right-hand  columns  give  the  electrical  charactei^ 
istics,  such  as  the  charging  rate,  torque  in  foot-pounds  with  given 
current  input,  cutting-in  and  cutting-out  points  of  the  master  relay 
(battery  cut-out),  air  gaps  for  the  limitation  relay,  and  the  re^stance 
of  the  units. 
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REMY  SYSTEM 
Six-Volt;  Two-Unit;  Singto>Wira 

Qenerator.  Of  the  multipolar  (four-pole)  ahunt-wound  type 
of  generator  combined  with  ignition  timer  and  distributor  and 
designed  to  be  driven  at  1)  times  crankshaft  speed,  several  modeb 
are  made,  of  which  one  is  shown  in  Fig.  309.  In  this  case,  both  the 
regulator  for  the  generator  and  the  battery  cut-out  are  mounted 
directly  on  the  generator.  On  some  of  the  models  only  the  regu- 
lator is  so  mounted,  the  cut-out  being  placed  on  the  dash  of  the  car, 
while  on  others  no 
independent  regu- 
lating device  is 
required  as  the 
third-brush  type 
of  regulation  is 
employed  (on  bi- 
polar generator). 

Regulation. 
Id  accordance 
with  the  model  of 
generator  and  the 
requirements  of 
the  engine  to 
which  it  is  to  be  fitted,  either  the  constant-voltage  method  of 
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pull  the  armature  down.  This  separates  the  ooDtacIs  and  causes 
the  field  current  to  pass  through  the  resistance  unit,  thus  decreasing 
the  field  current  and,  in  turning,  decreasing  the  generator  output, 
which  reduces  the  exciting  effect  on  the  dectranagnet  and  causes 
it  to  release  its  armature,  cutting  the  resistance  out  of  the  fidd  cir- 
cuit. The  latter  immediately  builds  up  again,  and  the  operation  is 
repeated  as  long  as  the  speed  remains  excessive  for  the  generator, 
which  is  thus  supplied  with  a  pulsating  current  to  excite  its  fiddsi 
and  its  output  is  held  at  a  practically  constant  value. 

TkirdrBrush  Method.  The  third-brush  method  of  regulatkm  b 
based  upon  the  distortion  of  the  magnetic  field  ct  a  generator  at 
high  speeds.  When  running  at  low  speeds,  the  magnetic  flux  of  a 
generator  is  evenly  distributed  along  the  faces  of  its  field  pole  pieces, 
but  at  high  speeds  there  is  a  tendency  to  drag  it  out  of  line  in  the 
direction  of  the  rotation  of  the  armature.  It  is  then  said  to  be 
distorted.  The  third  brush,  which  supplies  the  exciting  curroit  to 
the  field  winding,  is  so  located  with  relation  to  the  main-line  brush 
of  opposite  polarity  that  this  distortion  of  the  magnetic  flux  reduces 
the  current  which  it  supplies  to  the  fields.  This  decrease  in  the 
exciting  current  of  the  field  causes  a  corresponding  decrease  in 
the  output  of  the  generator,  and  as  the  distortion  of  the  magnetic  flux 
is  proportional  to  the  increase  in  speed,  the  generator  output  falls 
off  rapidly  the  faster  it  is  driven  above  a  certain  point,  so  that  it  is 
not  damaged  when  the  automobile  engine  is  raced. 

Thermostatic  Switch.  More  of  the  current  produced  by  the 
generator  is  used  for  lighting  purposes  in  winter  than  in  sunmier,  in 
the  proportion  that  the  demands  for  house  lighting  vary  with  the 
change  of  the  seasons.  Added  to  the  decreased  eflSciency  of  the  stor- 
age battery  in  cold  weather,  this  tends  to  place  a  greatly  increased 
load  on  the  generator  in  the  winter  months.  If  the  generator,  as 
installed,  were  regulated  to  produce  sufficient  current  to  take  care  of 
this  maximum  demand,  it  would  keep  the  storage  battery  in  a  con- 
stant state  of  overcharge  in  summer  and  would  be  likely  to  ruin  the 
plates  through  excessive  gassing.  The  Remy  engineers  have  accord- 
ingly developed  a  method  of  regulation  that  will  automatically  com- 
pensate for  the  difference  in  the  demand  with  the  changing  seasons, 
consisting  of  a  thermostatic  switch  in  connection  with  the  third-brush 
control;  it  will  be  found,  among  others,  on  the  Reo  1917  models. 
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To  gain  a  clear  idea  of  the  action  of  an  electric  thermostat,  the 
I  heating  effect  of  the  current  must  be  kept  in  mind ;  also  that  different 
I  metals  have  different  coefficients  of  expansion,  i.e..  some  will  expand 
[  more  than  others  under  the  influence  of  the  same  degree  of  heat. 
[  Electric  thermostats  have  been 
in  use  for  years  as  automatic 
fire  alarms  and  as  temperature- 
controlling  devices  in  incubators 
and  for  residence  heating,  and 
witliin  the  past  few  years  they 
have  come  into  use  on  the  auto- 
mobile to  control  the  circulation 
of  the  cooling  water  and  the 
suction  of  the  engine  in  accord- 
ance with  variations  in  the  tem- 
perature. The  device  consists 
of  a  thermal  member,  or  blade,  of 
two  different  metals  riveted  together  at  their  ends.  This  member  is 
held  fast  at  one  end  and  at  the  other  it  carries  a  contact  point, 
designed  to  complete  the  circuit  by  touching  a  stationarj'  contact. 
Under  the  influence  of  an  increase  in  temperature,  one  of  the  metals 
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a  strip  of  steel  A.    A  also  carries  the  resbtanoe  unit  E,  which  is  a 

short  coil  of  high-resistance  wire  wound  on  heavy  mica  insulation. 

A  and  B  are  riveted  together  at  the  end  Z)  so  as  to  insulate  them  from 

each  other.    The  two  metals  composing  B  are  spring  brass  and  nickel 

steel,  the  strip  of  spring  brass  being  placed  on  the  lower  side  <rf 

the  blade.    Sufficient  tension  is  placed  on  this  strip,  by  means  of  the 

adjusting  nut  F,  to  keep  the  points  firmly  in  contact  at  temperatures 

below  150°  F.    This  adjustment  is  made  by  the  manufacturer  and  is 

permanent. 

As  shown  in  the  wiring  diagram,  Fig.  311,  which  illustrates  the 

relation  of  the  thermo-switch  to  the  third-brush  method  of  r^ulation, 

it  will  be  noticed  that  the  switch  is  placed  near  the  commutator  of  the 

generator,  as  that  is  the  hottest  part  of  the  machine  when  it  is  in 
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Fig.  312.     Photographic  Reproduetions  and  Diagrams  of  Action  of  Thermostatic  Switch 

When  Closed  and  Opened 

CouHeay  of  Remy  Electric  Company,  Andenon^  Indiana 

operation.  It  will  be  noticed  also  that  when  the  contact  points  of  the 
thermo-switch  are  open,  as  shown  in  the  illustration,  the  current 
supplied  to  the  field  by  the  third  brush  must  pass  through  the  resist- 
ance unit  of  the  switch,  thus  cutting  it  down.  This  is  the  position 
for  warm-weather  running,  when  not  so  much  of  the  current  is  required 
for  lighting,  and  when  the  storage  battery  is  at  its  best.  When  the 
temperature  of  the  air  about  the  thermo-switch  exceeds  150**  F.,  the 
'movable  blade  is  warped  upward,  owing  to  the  greater  coefficient  of 
expansion  of  the  brass  as  compared  with  that  of  the  nickel  steel.  The 
contact  points  will  accordingly  remain  open  as  long  as  the  temperature 
exceeds  this  degree.  WTien  it  falls  below  that  point,  the  quicker 
contraction  of  the  brass  pulls  the  blade  down,  and  the  points  again 
make  contact,  cutting  out  the  resistance  and  increasing  the  output 
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f  the  generstor,  diagrams  of  the  thenno-switch  in  ita  closed  and  open 
3sitions  being  ahown  at  the  right,  and  a  halftone  of  the  switch  at  the 
ft  in  Fig.  312,  while  the  curves.  Fig.  313,  show  the  increase  in  the 
irrent  output  brought  about  by  the  closing  of  the  thermo-switch 
lints.  The  path  taken  by  the  current  when  the  points  are  open  and 
hen  they  are  closed  is 
dicated  by  the  dotted 
les  in  the  diagrams,  Fig. 
2,  The  curves  show 
lat  with  the  thermo- 
ritch  open,  the  maxi- 
um  current  output  of 
le  generator  is  limited 
I  14  to  15  amperes, 
hile  with    the    switch 

oaed    it    rises    to    20    to        "^    ^'^-     O^'P"'  Cmvtn  ol  Rumy  PsUnted  o 

'.  amperes.  The  switch  will  normally  remain  closed  after  the  engine 
IS  been  idle  for  any  length  of  time;  but  in  summer  it  will  open  after 
iving  a  few  miles,  while  in  winter  it  will  probably  remain  closed, 
>  matter  how  much  the  car  is  driven. 

Starting  Motor.    The  motor  is  the  6-volt  4-pole  series-wound 
'pe,  illustrated  in  Fig.  314,  mounted  either  with  gear  reduction 
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to  indicate  any  discharge,  in  all  except  the  startingHoiotor  circuit, 
due  to  grounds  or  short-drcuits.  All  lamp  circuits  are  fused,  and  a 
fuse  is  inserted  in  the  regulator  drcuit. 

Remy  Sintie-Unit 
A  Mechanical  CombtnatioD.  While  termed  a  ungle-unit  t>-pe. 
this  is  actually  two  independent  units  combined,  imehanKaUy  and  not 
ekdricaU}/,  so  that  it  bears  no  resemblance  to  the  single  unit  on  which 
both  field  and  armature  windings  are  carried  on  the  same  pole  pieces 
and  armature  core.  The  field  frame  for  the  two  units  is  a  single 
casting,  F^.  315,  but  the 
magnetic  circuits  of  both 
the  generator  and  the  motor 
are  entirely  independent,  and 
each  is  a  separate  unit.  IVy 
are  combined  in  this  manner 
solely  for  convenience  in 
mounting  where  space  b 
limited.  The  vibrating  type 
of  voltage  regulator  is  em- 
ployed in  connection  with 
the  generator,  while  the  start- 
ing motor  operates  through 
a  train  of  reducing  gears 
and  an  over-running  clutch. 
Apart  from  the  combination 
of  the  two  units  and  the 
method  of  starting  drive 
which  this  entails,  the  sys- 
tem is  the  same  in  its  essentials  as  where  the  units  are  mounted 
independently. 

Wirirg  Diagrams.  Velie.  Fig.  316  shows  the  installation  on 
Velie,  Model  22,  and  the  details  will  be  plain  with  further  explanation. 
The  "ratchet  reversing  switch",  shown  in  the  diagram,  is  for 
controlling  the  ignition  current,  and  it  is  designed  to  reverse  the 
direction  of  this  current  each  time  the  switch  is  turned  on  in  order  to 
prevent  the  formation  of  a  crater  and  cone  on  the  ignition  interrupter 
contacts,  as  previously  described,  thus  keeping  the  points  in  good  work- 
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ing  order  for  a  much  longer  period.  The  dash  and  tail  lights  are  3)» 
volt  lamps,  wired  in  series,  so  that  the  failure  of  one  puts  the  other  out, 
thus  giving  an  indication  at  the  dash  of  the  failure  of  the  tail  light 

Oakland.  The  Remy  installation  on  Oakland  Model  32  is 
shown  in  Fig.  317.  The  chief  distinction  between  this  and  the  pre- 
vious diagram  is  the  employment  of  a  single  10-ampere  fuse  on  the 
lighting  circuits  instead  of  independent  fuses  on  each  circuit 
"Breaker  box"  refers  to  the  ignition-drcuit  contact-breaker,  or 
interrupter,  as  it  is  variously  termed.  The  starting  motor  in  thb 
case  is  fitted  with  the  Bendix  drive. 

Reo.  On  the  Reo  installation.  Fig.  318,  the  starting  motor  b 
mounted  on  the  transmission  housing  and  drives  to  a  shaft  of  the 
latter  through  a  worm  gear.  In  this  case  the  starting  switch  is 
mounted  directly  on  the  starting  motor,  and  an  ammeter  b  supplied 
on  the  charging  circuit  instead  of  a  telltale,  or  indicator. 

Naiionai.  A  typical  installation  of  the  single  unit,  or  so-called 
double-deck  unit,  is  shown  in  Fig.  319.  This  is  on  the  National 
six-cylinder  model  and  is  a  two-wire  system.  It  is  not  intercon- 
nected with  the  ignition  system,  so  there  are  no  ground  connections, 
and  no  fuses  are  employed. 

Instructions.  These  instructions  cover  the  systems  which 
include  the  ignition.  For  instructions  applying  to  the  double-wire 
system  on  cars  having  an  entirely  independent  ignition  system,  like 
the  National,  see  instructions  under  Auto-Lite,  Delco,  Gray  & 
Davis,  and  others,  for  failure  of  generator  or  motor,  short-circuits, 
and  the  like. 

Battery  Discharge.  In  systems  of  this  type,  discharge  of  the 
battery  may  be  due  to  failure  to  open  the  ignition  switch  after 
stopping  the  car.  The  amount  of  current  consumed  is  small  but 
in  time  it  will  run  the  battery  down.  The  indicator  or  the  ammeter, 
according  to  which  is  fitted,  will  show  a  discharge.  An  entire  fail- 
ure of  the  current  may  indicate:  a  loose  connection  at  battery  ter- 
minals, at  battery  side  of  starting  switch  in  connection  with  a  blown 
main  fuse  (Oakland),  or  a  loose  battery  ground  connection;  a  loose 
connection  at  motor  side  of  starting  switch  or  at  starting  motor, 
or  a  broken  wire  between  the  switches.  (See  previous  instructions 
on  other  makes  for  testing  with  lamp  set  for  broken  or  grounded 
circuits.) 
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Failure  of  Lighiing,  Ignition,  Starting.  When  the  lights  and 
ignition  fail  but  the  starting  motor  operates,  it  indicates  a  short 
or  open  circuit  between  the  starting  switch  and  the  main  fuse  (Oak- 
land). This  fuse  should  first  be  examined  and,  if  blown,  a  search 
should  be  made  for  the  ground  or  short-circuit  causing  it,  before 
putting  in  a  new  fuse.  The  fault  will  be  in  the  wiring  between  the 
switch,  lights,  and  ignition  distributor.  See  that  all  connections^ 
including  those  on  fuse  block,  are  tight.  When  the  lights  fail  but. 
the  ignition  and  starting  motor  operate,  the  trouble  will  be  found 
either  in  the  circuits  between  the  lighting  switch  and  lamps;  in  the 
lamps  themselves,  as  a  burned-out  bulb  causes  a  short-circuit;  or 
from  loose  connections  in  these  circuits.  Failure  of  the  ignitioii, 
with  the  remainder  of  the  system  operating,  may  be  traced  to  loose 
connections  at  the  ignition  switch,  coil,  or  distributor;  poor  ground 
ing  of  the  ignition  switch  on  the  speedometer  support  screw;  or  W 
op)en  or  short-circuits  between  the  ignition  switch  and  the  dbtributor. 
Further  detail  instructions  on  ignition  are  pven  in  Ignition,  Part  II. 

Dim  Lights,  When  all  the  lights  bum  dimJy,  the  most  prob- 
able cause  is  the  battery,  but  if  a  test  shows  this  to  be  properly 
charged,  a  ground  between  the  battery  and  the  starting  swatch  or 
between  the  latter  and  the  generator  may  be  responsible  for  leakage. 
Other  causes  are  the  use  of  higher  candle-power  lamps  than  those 
specifieil,  the  use  of  low  efficiency  carbon-filament  bulbs,  or  failure 
of  the  generator  to  charge  properly. 

Examine  generator-field  fuse  and  if  blown,  look  for  short- 
circuits  before  replacing,  as  previously  instructed.  A  simple  test  of 
the  generator  may  be  made  by  switching  on  all  the  lights  with  the 
engine  standing.  Start  the  engine  and  run  at  a  speed  equivalent 
to  15  miles  per  hour  or  over.  If  the  lights  then  brighten  percepti- 
bly, the  generator  is  operating  properly.  This  test  must  be  made 
in  tlic  garage  or  preferably  at  night,  as  the  difference  would  not  be 
sufficiently  noticeable  in  daylight. 

If  the  generator  fuse  is  intact,  examine  the  regulator  relay  con- 
tacts. If  the  points  are  stuck  together,  op)en  by  releasing  the  relay 
blade  with  tlie  finger.  Clean  and  true  up  points  as  previously 
instructed  and  clean  out  all  dust  or  dirt  from  relay  before  replacing 
cover.  Particles  of  dirt  lodged  between  the  points  will  prevent 
the  generator  from  charging  properly. 
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The  failure,  flickering,  or  dim  burning  of  any  single  lamp  will 
be  due  to  a  burned-out  bulb,  to  loose  or  frayed  connections  at  lamp 
or  S1^'itch,  to  a  bulb  loose  in  its  socket,  or  to  an  intermittent  ground 
or  short-circuit  in  the  wiring  of  that  particular  lamp,  or  to  the  frame 
of  the  lamp  nor  being  grounded  properly.  Where  dash  and  tail 
lamps  are  in  series,  examine  both  bulbs  and  replace  the  one  that 
has  burned  out.    Test  with  two  dry  cells  connected  in  series. 

Ammeter.  When  the  indicator,  or  ammeter,  does  not  register  a 
charge  with  the  engine  running  with  all  the  lights  out,  stop  the  engine 
and  switch  on  the  lights.  If  the  instrument  ^ves  no  discharge 
reading,  it  is  faulty.  If  it  shows  a  dischai^,  the  trouble  is  in  the 
generator  or  connections.  In  case  the  ammeter  registers  a  discharge 
with  ail  the  lights  off,  ignition  switch  open,  and  engine  idle,  examine 
relay  contacts  to  see  if  they  remain  closed.  If  not,  disconnect  the 
battery.  This  should  cause  the  ammeter  hand  to  return  to  zero;  if 
it  does  not,  the  instrument  is  out  of  adjustment.  With  the  ammeter, 
or  indicator,  working  properly,  and  the  relay  contacts  in  good  con- 
dition, a  discharge  then  indicates  a  ground  or  short-circuit.  When 
examining  the  relay  for  trouble,  do  not  change  the  adjustment  of 
the  relay  blade. 

SIMMS-HUFF  SYSTEM 
Twelve-Volt;  Sinclc-Unit;  Sinclc-Wire 
Dynamotor.    The  dynamotor  is  of  the  multipolar  type  having 
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Dynamotor  Connections.  The  dyn&motor  has  two  connections, 
one  at  the  bottom  of  the  forward  end  plate,  marked  DYN+,  and 
the  other  on  top  of  the  6eld  yoke  designated  as  FILED.  As  .the 
system  is  a  single-wire  type,  the  opposite  sides  of  both  drcuits  an 
grounded  within  the  machine  itself.  The  terminals  on  the  cut> 
out  are  marked  BAT+,  DYN+,  and  DYN-,  BAT-,  and  FLD. 


BAT+  connects  through  a  12-gage  wire  to  the  negative  side  of  the 
ammeter  and  thence  to  a  terminal  on  the  starting  switch.  This  con- 
nects it  permanently  to  +R  of  the  battery  through  the  ammeter. 
This  wire  supplies  the  current  to  the  distributing  panel,  from  which 
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^urreot  is  supplied  to  the  lamps  and  horn.    DYN+  connects  through 
t  umilar  wire  to  the  plus  terminal  of  the  dynamo,  while  DYN—  and 
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starting  at  12  volts.  There  are  accoidingly  6  cells  in  the  storage 
battery,  and  the  latter  is  charged  by  placing  the  two  halves  of  it, 
consisting  of  two  3-ceU  units,  in  parallel.    This  is  indicated  in  the 
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Upper  diagram,  Fig.  323,  also  in  the  middle  diagram,  which  shows  the 
connections  for  chaining.  In  the  lower  diagram  of  the  figure  are 
shown  the  starting  connections,  the  switch  being  connected  to  throw 
the  6  cells  of  the  battery  in  series,  so  that  the  unit  receives  current  at 
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12  volts  for  starting,  thus  doubting  its  power.  Six-volt  lamps  are 
employed  and  are  supplied  with  current  from  the  left-hand  section  of 
the  battery,  marked  1,  as  shown  in  the  upper  part  of  the  diagram. 
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battery  in  circuit  with  the  ignition  system  so  that,  as  soon  as  the 
engine  starts  and  the  switch  is  released,  it  automatically  disconnects 
the  battery  from  the  ignition,  and  the  engine  then  runs  on  the  magneto 
(dual  ignition  system). 

Wiring  Diagram.  Fig.  324a  and  Fig.  3246  show  the  wiring 
diagram  complete  of  the  ignition,  starting,  and  lighting  systems  as 
installed  on  the  1916  and  1917  Maxwell  cars.  The  heavy  lines  indicate 
the  starting-system  connections,  while  the  Ught  lines  are  the  wires 
leading  from  the  generator  to  the  battery  (through  the  regulator  and 
cut-out),  and  the  various  connections  for  the  ignition  and  the  lamps. 
They  show  very  plainly,  upon  tracing  them  out,  the  relation  of  the 
regulator  and  cut-out  to  the  generator  and  the  battery,  as  well  as  the 
method  of  dividing  the  six  cells  of  the  battery  into  two  units  for  light- 
ing service,  and  the  coupling  of  all  the  cells  in  series  for  starting.  It 
will  be  noted  also  that  the  storage  battery  is  not  utilized  for  ignition, 
as  the  starting  switch  closes  the  circuit  of  a  dry  battery  of  four  ceDs 
for  ignition  when  starting  the  engine.  As  the  starting  switch  auto- 
matically opens  this  circuit  when  released;  there  is  no  danger  of  this 
battery  being  inadvertently  left  in  circuit. 

At  the  upper  left-hand  corner  of  the  diagram,  complete  details  of 
the  ignition  circuit  and  of  the  magneto  itself  are  shown.  The 
magneto  (Simms)  is  of  the  true  high-tension  typef  having  primary 
and  secondary  windings  on  the  armature  core,  as  well  as  a  condenser 
incorporated  in  it.  As  this  sketch  shows  not  only  the  relation  of  high- 
tension  tyi)e  of  magneto  to  the  plugs  but  also  that  of  the  essential 
parts  of  the  magneto,  as  well  as  the  relation  of  the  ignition  system  to 
the  starting  and  lighting  systems  through  the  combination  starting 
and  ignition  switch,  it  will  repay  close  study.  The  number  of  wires 
makes  it  appear  as  if  this  were  a  two-wire  system,  but  upon  noting 
the  ground  connections  at  the  various  terminals  it  will  be  evident 
that  it  is  not. 

Instructions.  The  Simms-Huff  system  as  above  described  is 
stiindard  equipment  on  the  Maxwell  cars.  The  combination  cut- 
out and  regulator  is  mounted  on  the  rear  of  the  dash  panel  carrying 
the  ammeter  and  switch.  It  consists  of  two  distinct  devices,  the 
cut-out  serving  the  usual  purpose  of  protecting  the  battery  when 
the  generator  voltage  ilrops,  and  the  regulator  limiting  the  current 
output  of  the  dynamo  as  the  engine  speed  increases.     In  comiection 


bl^ 


r™- 


*^.t9mum 


Wiling  DiMcniin  Uv  HmtM-Hofl  ^tuiin«  ud  Lithtint 


486  ELECTRICAL  EQUIPMENT 

the  socket.  A  good  rule  is  always  to  test  the  lamp  itself  first;  s<HDe- 
times  the  connecting  plug  of  the  set  is  not  properly  screwed  into  the 
socket. 

While  the  above  test  for  the  armature,  if  properly  carried  out,  will 
show  whether  the  latter  is  grounded  or  not,  it  will  not  give  any  indi- 
cation of  an  internal  short-circuit  in  the  armature  itself.  To  deter^ 
mine  this,  connect  the  shunt  fields  and  run  the  unit  idle  as  a  motor, 
with  the  portable  ammeter  in  the  circuit,  using  the  30-ampere  shunt 
While  running  without  any  load  the  motor  should  not  consume  more 
than  7  amperes  at  6  volts,  i.e.,  using  half  the  battery.  Tests  for 
grounds  in  the  shunt  field  may  be  made  with  the  lamp-test  set,  but  to 
determine  whether  there  is  a  short-circuit  in  the  field,  it  is  necessuy 
to  measure  the  resistance  of  its  windings.  If  there  is  neither  a  short- 
circuit  nor  a  ground  in  the  field,  the  resistance  of  the  windings  should 
calculate  approximately  6J  ohms  on  units  with  serial  numbers  up  to 
27,000,  and  approximately  4.8  ohms  on  starters  above  this  serial 
number. 

The  Simms-Huff  is  one  of  the  very  few,  if  not  the  only  unit,  that 
is  belt-driven  as  a  generator.  Its  normal  output  is  10  to  15 
amperes;  so  when  the  dash  ammeter  shows  any  falling  off  in  this 
rate,  with  the  engine  running  at  the  proper  speed  to  give  the 
maximum  charging  current,  the  belt  drive  of  the  generator  should  be 
inspected.  If  the  ammeter  reading  falls  off  as  the  engine  speed 
increases,  it  is  a  certain  indication  that  the  belt  is  slipping  and  that 
the  generator  itself  is  not  being  driven  fast  enough.  Adjust  the 
tension  of  the  belt  and  test  again.  If  this  does  not  increase  the  output 
to  normal,  inspect  the  commutator  and  brushes,  brush  connections 
and  springs,  etc.  See  that  the  brushes  have  not  w^om  down  too  far, 
and  if  necessary,  sand-in.  Failing  improvement  from  any  of  these 
expedients,  inspect  the  regulator.  This  should  not  be  adjusted  to  give 
more  current  until  every  other  possible  cause  has  been  eliminated; 
and  before  making  any  change  in  the  adjustment  of  the  contacts,  see 
if  cleaning  and  truing  them  up  will  not  remedy  the  trouble.  If 
necessary  to  adjust,  do  so  very  carefully,  as  increasing  the  current 
output  by  this  means  will  also  increase  the  voltage,  and  if  the  voltage 
exceeds  the  normal  by  any  substantial  percentage,  all  the  lamps  will 
be  burned  out  at  once.  Trouble  in  the  electrical  unit  itself  will  be 
most  likely  to  appear  in  the  brush  holder. 
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Win-never  it  is  necessary  to  remove  the  front  end  plate  over  the 
commutator  to  inspect  the  commutator  or  tlie  brushes,  be  sure  that 
tliis  plate  is  put  bach  the  same  way,  and  not  accidentally  turned  round 
a  sixth  of  a  rcA^oIution,  wliich  would  cause  the  motor  to  run  backward. 
There  is  a  slot  in  the  front  end  of  this  plate  to  permit  the  brush  holder 
to  Iw  move<l  backward  or  forward  so  as  to  give  the  best  brush  setting 
as  a  generator  and  as  a  motor.  On  most  of  tlie  Simms-Huff  unitS;  a 
chisel  mark  will  be  found  on  each  side  of  the  6ber  insulator  undei  the 
main  terminal  post,  indicating  the  factory  brush  setting.  Checking 
this  bnish  setting  should  be  one  of  the  further  te.sts  undertaken  before 
It-sorting  to  adjustment  of  the  regulator.  To  do  this,  connect  the 
portable  ammeter  in  the  charging  circuit  (30-ampere  shunt)  or^  if 
nrio  of  these  instruments  is  not  available,  the  dash  ammeter  may  be 
rrlied  uiHin, 

Run  the  engine  at  a  speed  high  enough  for  the  maximum  normal 
output;  loosen  the  brush  holder  and  move  very  slowly  backward  and 
forward,  meanwhile  noting  the  effect  on  the  reading  of  the  ammetei , 
Bixl  mark  the  point  at  which  the  best  output  is  obtained.  To  test 
as  a  motor,  connect  the  ammeter  in  circuit  with  half  of  the  battery 
and  run  idle.  Move  brush  holder  backward  or  forward  to  obtain  best 
setting  point,  as  shown  by  the  ammeter  reading,  which,  in  this  case, 
will  l»e  the  minimum  instead  of  the  maximum.  The  unit  should  not 
raw  more  than  7  amperes  when  tested  in  this  manner.  If  the  best 
points  for  generating  and  running  as  a  motor,  as  shown  by  these  tests. 
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Six-Volt;  Two-Unit 

ControL  Switch,  The  starting  switch  is  mounted  on  1 
starting  motor.  This  switch  automatically  breaks  the  circuit 
soon  as  the  engine  starts.  The  starting  gear  slides  on  sgial  Bflh 
on  the  armature  shaft,  so  that  when  the  engine  gear 
the  starting  gear  is  forced  out  of  engagement.  This  gear  is 
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to  a  drive  ro<l  wliicli  also  engages  a  switch  rod,  so  that  when  i 
^'car  is  forced  out  of  mesh  with  the  flywheel,  it  carries  the  swit 
rod  with  it  and  aiitonuitically  opens  the  circuit.  The  switch  conta< 
cannot  stick,  and  no  damage  can  result  from  holding  down  the  swit 
pedal  after  the  engine  has  started. 

Regulation.    On  the  earlier  models,  a  vibrating  regulator  w 
built  in  the  generator,  as  illustrated  in  the  section  on  Constar 
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tacts  should  not  require  attention  on  an  average  oftener  than  once 
a  year,  but  it  would  be  well  to  examine  them  occaaonally. 
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Fig.  327.     Wiring  Diagram  of  Splitdorf  Lighting  Generator  and  VR  Regulator 

By  referring  to  Fig.  327,  which  is  a  diagram  of  the  wiring  of  the 
generator  and  battery,  the  relation  of  these  essentials  to  the  regulator 
and  cut-out  are  made  clear.    The  field  fuse  shown  on  this  diagram  is 
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also  indicated  at  F  in  Fig.  326.  This  fuse  is  a  small  piece  of  soft-alloy 
wire  mounted  between  the  post  F  and  the  contact-breaker.  By 
referring  to  the  wiring  diagram,  it  will  be  noted  that  this  fuse  is  in  the 
shunt-field  circuit,  so  that  if  it  has  been  blown,  the  machine  will  not 
generate.  It  is  designed  to  blow  only  at  high  speed  with  the  battery 
tjff  the  line  and  the  vibrator  contact  R  stuck.  In  actual  practice, 
the  regulator  cut-out  is  mounted  directly  on  the  generator  itself. 
The  colors  mentioned  alongside  the  different  wires  are  for  purposes  of 
i<]entification  so  that  there  will  be  no  mistakes  in  making  the 
various  connections. 

Starting  Motor.  The  starting  motor  is  of  the  series-wound  type 
and  is  similar  in  design  to  the  generator.  It  is  supplied  with  a  Bendix 
tlrive  as  shown  in  Fig.  ',i'2S. 

The  starting  motor  Is  constructed  so  that  when  the  i)i>crator 
i ■  rvsscs  the  starting  switch,  the  starting  circuit  is  coni|jkted  and 
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amount  of  current  actually  required  for  turning  over  the  engine  is 
thus  controlled  by  the  engine  itself,  and  on  account  of  the  positive 
connection  between  one  element  of  the  switch  and  the  starting 
gear,  all  possibility  of  the  jaws  of  the  starting  switch  sticking  is 
eliminated. 

Instructions.  Apart  from  the  special  adjustments  of  the  starting 
switch,  as  mentioned  in  the  description  of  its  operation,  the  instruc- 
tions for  maintenance  are  the  same  as  those  for  other  systems,  b 
case  this  switch  does  not  operate  properly,  the  sequence  of  operation 
as  mentioned  should  be  checked  up,  and  the  distances  given  verified. 
In  case  these  distances  have  become  greater  through  wear,  th^ 
should  be  adjusted.  To  replace  the  brushes,  remove  the  cover  stnp 
over  the  commutator  end  of  the  imit,  either  generator  or  motor, 
put  the  two  screws  holding  the  rocker  disc  in  place,  disconnect  the 
brush  leads,  and  withdraw  the  brushes  from  the  holders.  It  is 
important  that  the  brushes  slide  freely  in  the  holders  and  that  the 
brush-lead  terminals  are  clean  and  bright  before  replacing  the 
terminal  screws.  See  that  the  springs  rest  fairly  on  the  ends  of  the 
brushes  and  that  their  tension  has  not  weakened.  Follow  instructions 
given  in  connection  with  other  systems  for  care  of  the  commutator. 

Failure  of  Engine  to  Start  When  the  starting  motor  cranks  the 
engine  after  the  starting  pedal  is  depressed  but  fails  to  start  the  engine 
after  a  reasonable  time,  release  the  starting  pedal  and  ascertain  the 
cause,  which  may  be  due  to  the  following:  Ignition  off,  lack  of  fuel, 
fuel  supply  choked,  cylinders  needing  priming  due  to  weather  con- 
ditions, or  cylinders  flooded  from  too  much  priming. 

Should  the  starting  motor  fail  to  crank  the  engine  when  the 
starting  pedal  is  fully  depressed,  there  is  a  possibility  that  the  battery 
is  run  down  (which  condition  will  be  indicated  by  an  excessive  dim- 
ming of  the  lights),  that  there  is  a  loose  connection  in  the  starting 
circuit,  or  that  the  starting  switch  is  not  making  proper  contact. 
The  various  tests  previously  given  will  probably  take  care  of  all 
these  conditions. 

Oiling  of  Starting  Motor,  The  starting  motor  should  be  oiled 
once  every  500  miles  with  any  medium  high-grade  oil  by  applying  oil 
to  the  cups,  switch  rods,  guide  rods,  and  pawl;  also  on  the  compensat- 
ing device.  Starting  motors  equipped  with  the  Bendix  drive  are 
fitted  with  oil  cups  at  each  end  of  the  unit. 
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U.S.L.  SYSTEM 

Twenty-Four— Twelve-Volt,  and  Twelve— Six- Volt; 

SinKle-Untt;  Two-Wire 

Variations.  The  24 — 12-volt  signifies  that  tlie  starting  voltage 
is  24  and  the  generating  voltage  12.  the  battery  of  twelve  cells  being 
(li\-idccl  into  two  groups  of  six  each  in  series-parallel  for  charging, 
while  12 — 6  signifies  that  the  starting  voltage  is  12  and  tlie  generat- 
ing voltage  6.  the  6-cell  battery  being  divided  in  the  same  manner. 

The  foregoing  systems  will  be  found  on  cars  prior  to,  and  includ- 
ing, 1915  models.  For  191G  and  1917  models,  a  12 — 12-v(jlt  system 
of  the  same  single-unit  two-wire  type  is  standard.  In  tliis  system  the 
complete  batter>-  is  used  for  the  lighting  as  well  as  the  starting,  so 
that  charging,  lighting,  and  starting  are  all  at  the  same  voltage,  using 
the  complete  battery  of  6  cells  for  both  of  the  former. 

Generator-Starting  Motor.  The  machine  is  multipolar  {either 
six  or  eight  jxjles)  and  is  designed  to  take  the  place  of  the  flywheel  of 


494 


ELECTRICAL  EQUIPMENT 


One  of  the  advantages  of  this  type  of  mactuDe,  owing  to  its  large 
Hze,  is  its  ability  to  generate  an  amount  of  current  far  in  excess  of  any 
ordinary  requirement.     This  permits  the  employment  in  the  inha<- 


ently  regulated  type  of  only  three  brushes,  Fig.  331,  when  the  unit  ii 
running  as  a  generator,  while  all  the  brushes  are  employed  wbeo  it 
operates  as  a  starting  motor.    In  the  types  equipped  with  an  external 
y^  regulator,  all  the  brushes  are  employed 

for  generating  as  well  as  for  starting. 
Regulation.  The  24— 12-volt  unit 
in  the  U.S.L.  system  is  made  with  two 
types  of  regulation,  one  type  u^ng  an 
external  regulator,  which  is  usually 
mounted  on  the  dash,  and  the  other 
of  the  inherent  type.  The  12— 6-volt 
type  has  an  external  r^;ulator.  These 
two  types  may  be  distinguished 
by  the  presence  of  the  regulator 
in  the  charging  circuit,  which,  how- 
ever, must  not  be  confused  with  the 
BrmhcB in  ut.  L  Dynamotot  automatic  switch,  OF  battery  cut- 
out, which  is  only  employed  on  the  inherently  regulated  type.  The 
details  of  the  regulator  are  shown  in  Fig.  332,  and  it  will  be  noted  that 
the  regulator  also  incorporates  the  battery  cut-out  as  well  as  an  indi- 
cating pointer  which  shows  whether  the  regulator  Is  working  properly 
or  not.    In  operation,  the  regulator  cuts  into  the  generator  field 


3  Generating  Brushes 
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iiit  a  variable  resistance  consisting  of  ao  adjustable  carbon  pile, 
tie  connections  of  the  r^ulator  are  shown  in  the  "wiring  diagrams. 
The  regulation  of  the  U.S.L.  inherent  type  is  accomplished  by 
Lhe  ctunbination  of  a  Gramme  ring  annature,  a  special  arrangement 
Jof  connections  and  of  the  field  windings,  and  the  use  of  only  a  part  of 
■the  armature  and  fields  for  generating.  This  method  is,  of  course, 
■special  on  this  make  and  could  not  be  used  on  other  tjiKS  of  constnic- 
Ition.  The  regulation  obtained  is  based  on  armature  reaction  and  is 
iBlmilar  to  that  resulting  from  the  third-brush  method,  but  the  machine 
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Wiring  Diagrams.    Figs.  333,  334,  and  335  show  the  standard 
wiring  diagrams  of  the  three  types  mentioned,  being,  resjjectively, 
the  24 — 12-volt  externally  regulated  type,  the  12 — 6-volt  external 
regulator  and  internal-armature  type,  and  the  24 — 12-volt  inhei^ 
ently  regulated  type.    In  the  diagram  proper  of  each  of  the  24 — 
12-volt  types  is  indicated  the  layout  for  using  7-volt  lamps,  while  the 
extra  diagram  at  the  side  shows  the  method  of  connecting  for  14-volt 
lamps.    The  "touring  switch"  shown  on  the  first  two  diagrams 
is  a  hand-operated  switch  in  the  charging  circuit  and  is  designed  to 
prevent  overcharging  of  the  battery  when  on  long  day  runs.    Tint 
inherently  regulated  type  requires  very  little  field  current,  and  on 
most  of  these  the  touring  switch  is  of  the  miniature  push-button  type^ 
like  a  lighting  switch. 

Instructions.  Touring  Stcitch.  On  the  types  equipped  with 
the  touring  switch,  this  enables  the  driver  to  control  the  chaige. 
Pulling  out  the  button  closes  the  switch  and  permits  the  generator 
to  charge  the  battery  when  the  engine  reaches  the  proper  speed; 
pushing  it  in  opens  the  circuit.  This  switch  must  always  be  closed 
before  starting  the  engine,  and  it  must  be  kept  closed  wheneva 
the  lights  are  on  and  also  under  average  city  driving  conditions 
where  stops  are  frequent  and  but  little  driving  is  done  at  speed. 
WTien  touring,  the  switch  should  be  closed  for  an  hour  or  two  and 
then  allowed  to  remain  open  during  the  remainder  of  the  day,  as 
this  is  sufficient  to  keep  the  battery  charged,  and  there  is  no  need 
for  further  charging  until  the  lamps  are  lighted.  The  best  indication 
of  the  necessity  for  opening  the  touring  switch  is  the  state  of  charge 
as  shown  by  the  hydrometer.  The  driver  should  not  start  on  a  long 
day's  run  with  the  battery  almost  fully  charged,  without  first  opening 
the  touring  switch,  as  the  unnecessary  charging  will  overheat  the 
battery.  This  switch  should  be  inspected  at  least  once  a  season. 
Push  in  the  button  to  open  the  circuits,  remove  the  screw  at  the  back 
and  take  off  the  cover.  The  switch  fingers  should  be  bright  and 
make  good  contact  with  the  contact  block;  if  they  do  not  do  so, 
remove  and  clean  them,  as  well  as  the  contact  pieces  on  the  block. 
Do  not  allow  tools  or  other  metal  to  come  in  contact  with  the 
switch  parts  during  the  operation,  for  even  though  the  switch  is 
open,  a  short-circuit  may  result;  then  one  of  the  fuses  will  blow. 
In  replacing  the  fingers,  bend  suflBciently  to  make  good  firm  contact. 
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U-S-L  Starter  and  Lighter 
Wiring  Diagram 
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Starting  SvUck.  The  starting  switch  is  filled  with  oil,  and  tlus 
should  be  renewed  once  a  year.  To  do  this,  the  switch  must  be 
disconnected,  and  the  screws  A,  Fig.  336,  removed;  in  case  the  box 
sticks,  insert  a  screwdriver  point  between  the  top  of  the  box  and  de 
bottom  of  the  frame  and  pry  loose.  To  guard  against  the  switch 
dropping  when  these  screws  are  removed,  hold  the  hand  beneath  it 
while  taking  them  out.  Before  attempting  to  remove  the  switch 
disconnect  the  positive  battery  connections  B1+  and  BS-^-  at  Ac 
batter^'  as  shown  in  Fig.  335.  These  are  the  two  main  terminali  in 
the  center.  It  is  unnecessary  to  tape  them,  as  a  short-circuit  cannot 
occur.  Pour  out  the  old  oil,  clean  out  thoroughly  with  gasoEv, 
allow  to  dry,  and  refill  with  transformer  oil  or  light  motor  oU  to  tte 
proper  level  with  the  switch  box  standing  plumb.  The  proper  hd|^ 
on  the  Type  E-2  or  £-3  box  is  If  inches,  on  E-4  box  2)  inches.  BefoR 
putting  in  the  new  oil,  however,  Ae 
drum  and  finger  contacts  should  be 
examined,  and,  if  pitted  or  dirtf, 
should  be  cleaned  with  a  fine  file. 
Make  sure  that  all  fingers  bnr 
firmly  against  the  drum  so  as  to 
Fig.  338.  u.sx.  Oil-Filled  Btariing  make  good  contAct;  if  they  do  not, 
remove  and  bend  them  slightly  to 
insure  this.  If  the  starting  switch  is  abused  in  operation,  or  if  improptf 
oil  containing  water  or  other  impurities  be  used,  the  contacts  will 
burn  and  fail  to  make  good  electrical  connection.  The  switch  box 
is  the  only  place  in  the  system  requiring  oil. 

Brush  Pressures.  There  is  only  one  adjustment  on  the  gener- 
ator, viz,  the  tension  of  the  brush  fingers.  The  brushes  should  fit 
freely  in  their  holders  so  as  to  transmit  the  full  pressure  of  the 
spring  against  the  commutator.  The  adjustment  as  made  at  the 
factory  should  not  need  correction  under  one  or  two  years  of 
service.  Pressures  required  on  the  various  machines  are  as  fol- 
lows: for  Type  E-12  external  regulator,  1}  pounds  on  each  brush; 
IJ  pounds  on  brushes  of  all  other  external-regulator  machines;  1} 
pounds  on  each  of  the  three  lowest  brushes  on  the  inherently  regulated 
type,  tliese  being  the  only  brushes  used  in  generating  the  charging 
current;  1 1  pounds  on  each  of  the  remaining  brushes  of  the  inherently 
regulated  generator.    Keep  commutator  clfan,  as  the  chief  cause  of 
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ilure  of  the  inherently  regulated  type  is  an  excess  of  oil  or  dirt  or 
>th  accumulating  on  it. 

Radial  and  Angular  Brushes.  The  brushes  employed  are  of  two 
pes — radial  and  angular.  Radial  brushes  are  used  on  extemal- 
gutator  type  generators  other  than  those  having  'Type  E-49"  on 
e  name  plate;  angular  brushes  are  used  on  Type  E-49  and  all  inher- 
itly  regulated  generators.  Eadi  radial  brush  should  bear  squarely 
gainst  that  side  of  its  holder  toward  which  the  commutator  rotates. 
ach  angular  brush  should 
rar  squarely  against  that 
je  of  its  pocket  away  from 
hich  the  commutator 
tates.  [To  sand-in  old 
-ushes  or  fit  new  brushes 
operly,  insert  a  strip  of 
o.  00  sandpaper  (never  use 
nery,  paper,  or  cloth),  be- 
/een  the  commutator  and 
le  brush,  press  down  on 
p  of  brush  and  draw  sand- 
iper  under  it,  Fig.  3;57.  If 
le  brush  is  radial,  draw  the 
ndpaper  in  the  direction 
aiutator  rotation;  if 
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uy  uif  swiu'ii  iev<;riii  ciusiug,  uiiu  wiieii  it  npfiBMrs lu lu 
through  the  sight  glass  on  the  cover,  the  battay  is  < 
the  switch  lever  opens,  the  pointer  drops  against  its  si 

When  the  bat\er\'  shows  a  lack  of  capadty,  tin 
and  all  connections  and  fuses  being  in  good  coodi 
amount  of  charging  current  indicated  by  the  anu 
maximum  current  (external-regulator  type)  shown  t^ 
does  not  exceed  10  to  12  amperes  at  full  mgiiie  iq 
engine  has  been  running  for  fifteen  minutes,  see  tlii 
nnd  commutator  are  in  good  condition — wipe  off  tL 
with  a  dry  cloth,  and,  if  necessary',  sand-^n  tlie  brushes 
If  this  docs  not  increase  the  generator  ou^Hit  as 
ammeter,  test  the  latter  an  already  noted,  i.e.,  see  whet 
is  binding  ami,  if  not,  check  with  the  portable  test] 
or  another  ammeter  of  the  dash  type.  ShoukI  none 
dies  correct  the  fault,  screw  in  the  lower  adjustin 
carbon-pile  lever  slowly,  noting  the  effect  on  the  an 
as  the  adjustment  is  made. 

With  the  external  reguUtor,  the  charging  cum 
exceed  IS  amperes  at  the  highest  en^ne  speed.  If^ 
the  ammeter  shows  a  higher  reading  than  this,  term 
adjusting  plug  of  the  carbon-pile  lever  slowly  to  de< 
rent,  stopping  when  the  indication  does  not  go  abo' 
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adjustment  clampiDg  screws  after  setting  cither  of  the  adjusting 

Tetting  Carbon  Pile.  If  the  aiitomutic-switcli  iniit  of  the  goner- 
rdoes  not  cut  in  with  the  engine  running  at  speed  equivalent  to  HI 

14  miles  per  hour,  test  the  carbon  pile  by  short-circuiting  the 
ninals  F+  and  A+  of  the  generator  with  the  blade  of  a  screw- 
rtr.  Speed  up  the  engine  slowly  and  note  whether  the  generator 
1  in  much  sooner  than  when  the  terminals  are  not  short-circuited. 
not  run  the  engine  at  high  spee<),  nor  for  any  length  of  time  with 

tenninals  short-circuited,  as  an  excessive  amount  of  current 
lid  be  generated.  If  the  generator  does  cut  in  much  earher 
b  the  tenninals  short-circuited  than  without  this,  the  carbon  jtile 
dl  deaning.  Should  the  generator  not  cut  in  earlier  or  should 
ul  to  operate  altogether,  when  the  carlxin  pile  is  short-circuited 

tioubk  is  probably  in  the  brushes  of  the  generator  or  in  the 
ring  switch. 

To  dean  the  earbon  pile,  proceeil  as  follows:  Unscrew  the  plug 
he  upper  end  of  the  glass  hn)  and  remove  the  rod ;  if  any  of  the  dis<-s 
pitted  or  burned,  rui>  them  together  or  against  a  smooth  hoani  to 
ce  them  smooth  and  flat.     Hemove  the  end  carbons  and  cli-iin  the 

15  plates  with  fine  sandpaixr,  if  iKi-essary.  In  replacing  en<l  car- 
St  make  sure  that  they  fit  firmly  against  the  brass  end  plates  and 
t  the  screw  heads  do  not  project  beyond  the  faces  of  the  carbon 
9.  After  reassembling' the  carlmn  pile,  the  regulator  will  need 
ustment  for  current  output,  as  previously  noteil. 
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of  known  accuracy.  To  do  this,  disconnect  the  posiUve  wire  from 
the  ammeter  on  the  dash  and  connect  it  to  the  positive  terminal  of 
the  standard  ammeter  used  for  testing;  then  connect  a  wire  between 


the  negative  terminal  of  the  standard  ammeter  and  the  positive 
terminal  of  the  dash  ammeter.  With  the  engine  running  at  various 
speeds,  take  simultaneous  readings  of  both  instruments;  any  differ- 
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:  between  the  two  should  be  taken  into  consideration  thereafter 
n  reading  the  dash  ammeter.    Unless  a  test  of  this  kind  is  carried 

the  battery  may  be  receiving  either  an  insufficient  or  an  excessive 
1^  while  the  ammeter  indicates  the  proper  amount. 

IJ^-L.  12-Volt  System.    The  U.S.L.  12-volt  system  generates 

starts  at  12  volts  and  is 
idard  on  the  1916  and 
7  models  of  the  Mercer, 

338.  It  differs  from  the 
■r  systems  in  having  a 
;netically  operated  start- 
switch  and  a  centralized 
awl  unit,  which  incor- 
ites  all  the  controlling  devices  of  the  entire  system,  the  cut-out, 
ammeter,  fuse  blocks  for  generator  and  lighting  circuits,  starting 
ch,  touring  switch,  head,  side,  and  tail-light  switches,  all  of 
:h  are  operated  by  push  buttons.  All  of  these  switch  buttons, 
■ell  as  the  fuses,  are  locked  in  place,  while  the  buttons  may  be 
ed  in  any  desired  combination  of  positions. 

Starting  SwUch.  This  is  of  the  magnetically  operated  type  and 
ounted  on  the  top  of  the  field-mounting  frame.  It  operates  by 
ns  of  a  solenoid  and 
iger,  as  illiislmtcd  in  Fig. 
*  Vjntrol  is  by  means  of 


Fig.  339.     U.8.L.  TyiM  E-14 
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fuses,  a  lai^  one  9  of  30-ampere  capadty  in  the  generator-battery 
charging  circuit,  and  a  smaller  one  8  of  5-ampere  capacity  in  the 
generator  shunt-field  circuit.  Should  either  fuse  blow,  immediately 
push  in  the  touring-switch  button,  as  a  ^uirt-carcuit  or  an  open  or  a 
loose  connection  is  probably  the  cause.  After 
locating  the  trouble,  remove  the  generator  fuse 
I  block  from  the  instrument  board.  To  do  this,  . 
unlock  the  knob,  press  it  inward,  and  turn  i 
revolution  to  the  right  or  to  the  left.  Replace 
with  spare  fuses  carried  in  the  light  fuse  block, 
return  the  generator  fuse  block  to  its  original 
position,  and  lock. 

The  light  fuse  block,  which  is  shown  in 
Fig.  342,  carries  a  total  of  seven  fuses,  of  which 
four  are  in  active  use,  while  the  remaining  three 
are  spare  fuses  for  use  in  replacing  blown  fuses.  On  the  right-^e 
view  of  this  fuse  block  there  appear  two  large  fuses  6  and  7.  Fuse  7 
is  a  protecting  link  in  the  ground-return  wire  of  the  lighting  and  horn 
circuits.    The  small  fuse  5  is  of  10-ampere  capadty  and,  together  with 
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fuse  6  of  30-ampere  capacity,  is  a  spare  fuse  for  emergency  use.  On 
the  left  side  of  the  block  are  three  active  fuses  1,  S,  and  4  of  10-ampere 
capacity ;  and  one  spare  fuse  2  of  5-ampere  caparity.  Fuse  /  is  in  the 
horn  circuit,  fuse  3  in  the  headlight  circuit,  and  fuse  4  is  common  to  the 
tail-,  dash-,  and  side-light  circuits.  Should  any  of  the  fuses  on  this 
block  blow,  the  trouble  is  probably  a  short-circuit  on  the  frame  of  the 
car  which  should  be  remedied  before  the  fuse  is  replaced.    Instructions 


i 
1 

i 

i 

JS 

<33 

S  -'' 

M  ^ 

S  r 
v«  5 


e 
o 

2» 


•5 


1^ 


GO 

C 

o 

1 


I 


f^Qft 


ELECTRICAL  EQUIPMENT  507 

for  the  use  of  the  touring  switch  in  this  system  are  the  same  as 
previously  given. 

U.S.  Nelson  System.  This  type  has  been  specially  designed  for 
the  Nelson  car,  which  first  appeared  in  1917,  and  it  differs  radically 
from  those  already  described  in  that  it  is  carried  on  the  forward  end 
of  the  engine  crankshaft  instead  of  at  the  rear.  The  brushes  bear  on 
the  inside  face  of  the  commutator  and  may  be  reached  through  three 
openings  in  the  armature  support.  To  clean  the  commutator  in  thb 
type,  it  is  necessary  to  turn  the  armature  so  that  three  of  the  six 
brushes  appear  opposite  these  openings.  Fold  a  small  piece  of  sand- 
paper into  a  square  over  one  of  the  brushes  and  allow  the  engine  to 
turn  over  for  a  few  minutes.  Stop  the  engine  and  remove  the  sand- 
paper through  one  of  the  openings.  The  engine  carries  a  flywheel  at 
the  rear,  as  usual,  and  this  provision  of  flywheel  weight  at  both  ends 
of  the  crankshaft  is  stud  to  minimize  vibration  almost  to  the  vanishing 
point  while  making  possible  extremely  high  speeds. 

WAQNER   SYSTEM 

Twelve-Volt;  Single-Unlti' Two-Wire  (Early  Model) 

Dynamotor.    The  bipolar-type  dynamotor  has  both  the  series 

antl  tlie  shinit-windings,  i.e.,  of  generator  and  motor,  connected 

to  the  same  commutator.     It  is  driven  direct  as  a  generator,  and 

through  a  sjteoial  planetary  gear  when  operating  as  a  starting  motor. 

Regulation.    The  regulation  is  of  the  inherent  tj'pc,  utilizing 
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the  switch  connect  the  generator  for  charging.  Fig.  345  shows  the 
details  of  this  switch:  A,  B,  and  C  are  the  contacts  on  the  starting 
side,  while  //,  G,  and  F  are  the  running-position  contacts,  as  shown 
in  Fig.  343.    The  segments  E  and  L  on  the  drum  contact  with 
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Fig.  'M'i.     Wiring  Diagram  for  Wagner  Twelve-Volt  Single-Unit  Two-Wire 

System  (Early  Model) 

the  fingers  nieiitioiie<l  when  the  drum  is  revolved  part  way  in  either 
direction  by  the  lever,  shown  ut  the  right,  which  engages  the  shaft  M, 
Battery  Cut-Out.  This  is  of  conventional  design.  For  description 
and  explanation  of  o|HTation,  see  previous  systems  in  which  a  battery 
cut-out,  or  automatic  switch,  is  employed.  Methods  of  locating 
trouble  are  given  in  connection  with  instructions  farther  along. 
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Planetary  Gear.    The  external  form  of  the  different  gear  boxes 
used  on  the  early-model  siDgle-unit  Wagner  starter  is  the  same,  but 


FIC-  3*9.    Eiploded  View 
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their  internal  construction  <litrcrs  somewhat.  The  details  of  the 
two  types  emplo\c<i  are  shown  in  Figs.  34C  and  347.  The  prin- 
ciple employed  is  that  of  th^  planetary  gear  as  used  to  obtain  first, 
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or  low,  and  high  speeds  on  early-model  light  cars.  The  unit  consists 
of  a  central,  or  sun,  gear  C,  Fig,  347,  and  three  planet  pinions  A 
meshing  with  the  central  gear  and  also  with  the  internal  gear  ring  G. 
For  starting,  the  tightening  of  the  brake  band  on  the  outer  groove 
cif  the  internal  gear  holds  it  fast,  so  that  the  drive  is  through  the 
ntral  gear  and  the  reducing  pinions  in  engagement  with  it  and 
the  gear  ring,  while,  for  running,  the  rollers  B  in  the  clutch  D  lock 
tlie  gears  together  so  that  when  generating  the  gear  revolves  idly 
a^  a  unit. 

Instructions.    The  instnictions  pre\"iously  given  in  connection 

th  other  systems  apply  here.     For  failure  to  generate,  lack  of 

capacity,  grounds,  or  short-circuit."i  in  windings,  and  for  keeping  the 
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rHecy^y  Tin  folded  around  Toot 


'Section -'"^m 


Fl|(.  349.     Diagram  of  Simple  Hand  Device  for  Tooling 

Commutator 


forward  on  its  guide  in  the  same  manner  as  a  planer  or  shaper  tool, 
and  the  armature  is  rotated  one  segment  at  a  time  to  bring  the  mica 
sections  under  the  tool  successively.  Where  there  is  not  sufficient 
work  of  this  nature  to  make  it  worth  while  to  build  the  jig,  a  simple 

hand  tool  may  be  used. 
Fig.  349.  This  can  be 
made  of  a  discarded 
hacksaw  blade  or  a  new 
one,  about  8  inches  long. 
One  of  the  ends  is 
ground  similarly  to  the  cutter  described  for  the  jig,  while  the  other 
should  be  shaped  like  a  hook,  having  the  same  kind  of  point  as  the 
cutter  end.  Around  the  center  of  this  tool  should  be  folded  a  piece  A 
heavy  tin  (sheet  iron)  and  the  whole  wrapped  with  electric  tape.  This 
will  prevent  the  brittle  saw  blade  from  breaking  and  make  it  mudi 
easier  to  handle.  The  mica  is  removed  by  forcing  the  sharp  end  of 
the  tool  from  the  outer  edge  of  the  conmiutator  surface  to  the  inner 
edge,  and  the  rough  cut  thus  made  is  finished  by  drawing  the  hooked 
end  of  the  tool  back  through  the  groove  in  the  opposite  direction. 
To  do  the  job  properly,  the  armature  should  be  held  in  a  vise,  other- 
wise it  is  liable  to  move,  or  the  tool  is  liable  to  slip,  and  the  copp» 
be  cut  away  with  very  poor  results.    Fig.  350  shows  the  conmiutatc^ 

before  and  after  under- 
cutting the  mica. 

A  needle-pointed 
tool  should  never  be  used, 
as  it  will  simply,  make  a 
V-shaped  cut  in  the  mica, 
removing  too  much  in 
depth  and  not  enough  in 
width.     The  mica  must 
be    cut    out  clean  and 
square,  and  a  small  mag- 
nifying glass  should  be 
used  to  see  that  all  of  the 
adjacent  to  the  bars  have  been  removed.    After  removing  the 
the  armature  should  be  placed  in  a  lathe,  and  a  light  cut  taken 
the  commutators,  i.e.,  just  enough  to  remove  all  roughness 


BEFORE 


AFTER 


Fig.  350. 


Diagram  Showing  Commutator  Sections  before 
and  after  Tooling 
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ind  flat  spots.  The  cutting  tool  employed  should  be  very  sharp,  so 
tliat  the  soft  copper  will  not  be  dragged  from  one  segment  to  another. 
After  turning,  fine  sandpaper  should  be  used  to  smooth  the  commu- 
Uitor.  Whether  the  brushes  are  replaced  with  new  ones  or  the  old  ones 

ire  retained,  they  must  be  sanded-in  to  the  commutator  (see  Delco 
instructions).     The  springs  also  should  be  tested  for  tension;  they 

nust  never  be  allowed  to  become  loose  enough  to  permit  the  brushes 

:d  chatter  when  the  generator  is  running,  as  this  would  interfere 

^riously  with  its  output. 

Lack  of  Capacity  through  Faulty  Gear  Box.    Should  the  battery 

lot  charge  properly,  note  whether  in  starting  the  lights  brighten 
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probably  is  in  the  gear  box.  Remove  the  front  end  plate  and  note  if 
the  commutator  is  rotating.  If  not,  and  the  reason  tlmefor  is  not 
apparent  on  an  inspection  of  the  gears,  it  may  be  necessary  to  remove 
the  gear  box.  A  "come  along",  such  as  is  employed  for  taking  off 
Ford  wheels,  is  necessary  for  this.  Fig.  351.  It  may  be  found  that 
some  of  the  parts  nee<)  replacement,  or  that  an  entirely  new  gear 

box  is  necessary. 

FaUun  Due  to 
Battery  CvtOwt.  If 
the  fwlure  tof^uge 
the  battery  be  not 
due  to  the  gear  box, 
remove  the  cover  of 
the  cut-out  and  see 
if  it  is  operatiog 
properly.  Whenthe 
engine  is  ninninfst 
a  speed  equivalent 
to  15  miles  per 
hour,  the  contBCt 
should  spring  awiy 
from  the  adjustiDg 
,screw.  If  it  does 
not,  connect  a  volt- 
meter across  the 
terminals  S  and  H 
of  the  switdi,  ^g. 
352.  Should  the 
voltmeter  needle 
not  move,  examine 


.-■ilinry  (■ontwt  K 
itfh;F.  CJ.  BOdH— 


,r— Scrow  l*adi>*  lo  C:  Q— .Slarlini 

the  contact  fingers  i.'onnected  to  the  studs  C  and  F  and  see  tliat  they 
make  iiriu  contact  with  the  drum  of  the  switch.  Place  the  end  of  a 
{)eiK-il  on  the  contact  finger  D  and  bear  down  lightly;  if  the  main 
contact  maker  then  springs  away  from  the  adjusting  screw,  the  cause 
nf  tlie  trouble  is  an  opefi  circuit  at  this  contact.  Bend  D  so  that 
it  bears  down  on  tlie  drum  segments;  should  the  contacts  not  dose 
on  making  tliis  te,st,  tlie  trouble  will  be  an  open  connection,  either  .m 
^he  generator  itself  or  between  the  generator  and  the  cut-out  (switch  . 
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Should  the  voltmeter  give  a  reading  of  6  volts  while  the  contacts 
do  not  close,  it  shows  that  the  shunt  coil  of  the  cut-out  is  open  and 
iadicates  that  its  connections  are  broken  or  that  the  trouble  is  in  the 
ooil  itself.  This  may  be  confirmed  by  operating  the  contacts  by 
luind — ^pushing  the  contact  away  from  the  adjusting  screw  until  it 
touches  the  stationary  contact.  If  it  remains  in  that  position,  the 
l^nerator  is  charging  the  battery,  but  the  shunt  coil  of  the  cut-out  is 
out  of  action  and  the  cut-out  will  function  automatically  as  it  should. 

If,  under  the  conditions  mentioned  in  the  first  paragraph  under 
^is  heading,  the  cut-out  closes,  connect  the  voltmeter  as  described 
^nd  accelerate  the  engine  to  a  speed  corresponding  to  25  miles 
^r  hour.  If  the  reading  is  then  15  to  20  volts,  the  trouble  may  be 
looked  for  in  a  break  in  the  generator  connection  to  the  cut-out. 
£houId  it  not  be  possible  to  locate  any  break,  it  may  be  in  the  series 
coil  of  the  cut-out,  in  which  case  a  new  cut-out  will  be  necessary. 

Switch  or  Generator  Parts  to  Be  Adjusted.  If  the  starting  lever 
of  the  switch  is  not  returning  to  the  proper  position  for  running  after 
Starting  the  engine,  it  will  be  indicated  by  a  low  battery  and  dim 
Eghts.  Adjust  so  that  the  lever  will  go  to  correct  position  for  running 
;  and  see  that  the  contact  fingers  of  the  switch  are  making  proper 
contact  with  the  drum. 

In  case  the  battery  does  not  get  suflBcient  charge,  connect  an 
ammeter  to  the  terminal  D  of  the  switch  and  to  W  of  the  cut-out. 
At  a  speed  equivalent  to  15  miles  per  hour,  the  ammeter  should  read 
I  to  9  amperes  if  the  generator  is  working  properly.  If  it  does  not, 
examine  the  commutator,  brushes,  and  wiring,  as  previously  described. 

Six-Volt;  Two-Unit 

General  Characteristics.  This  type  is  similar  in  characteristics 
to  most  of  the  other  makes  of  this  class  already  described. 

Generator.  The  generator  is  the  multipolar  (four-pole)  shunt- 
wound  type. 

Regulation.    The  regulation  is  of  the  inherent  or  bucking-coil     ' 
typtf  integral  with  the  field  windings  of  the  generator. 

Starting  Motor.  The  motor  is  four-pole  and  series-wound,  driv- 
ing through  a  reducing  gear  mounted  on  the  motor  housing.  Fig.  353. 

Control.    Battery  Cut-Out.    The  complete  \iv^ti\MKvevv\.,  \xiYK»& 
its  cover,  is  shown  in  Fig.  354.    It  is  of  standard  desvgcv  a\v\Sa*vci\fcTAR^ 
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to  be  mounted  in  the  tool  box  under  the  driver's  seat.  As  shown  in 
the  photograph,  the  upper  binding  post  is  the  sen'es-coil  connectioD; 
the  central  binding  post  just  below  it  is  the  shunt-coil  connecdon. 


.  #^^A._ 


h>'^ 
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while  the  lowest  binding  post  is  a  connection  completing  the  cirelit 
through  both  coils  to  the  battery. 

Switch.  The  switch  is  of  the  circular  knife-blade  type,  two  sets 
of  spring  contacts  close  together  being  pressed  down  over  the  sta- 
tionary contact  against  the  spring,  as  shown  in  Fig.  355  which  illus- 
v^  trates  the  parts  of  the 

""       '~'^-  switch. 

Wiring  Diagram.  A 
typical  wiring  diagram  of 
the  Wagner  two-unit  gya- 
tem  as  installed  on  the 
Scripps-Booth  four-  and 
eight-cylinder  models  is 
shown  in  Fig.  356,  The 
only  difference  in  the 
wiring  of  the  two  models 
has  to  do  with  the  igni- 
tion and  merely  affects  the  distributor  connections,  as  illustrated  by 
the  panel  in  the  upper  right-hand  corner,  which  shows  the  distributor 
and  connections  for  the  four-cylinder  car.  As  the  system  is  a  single- 
wire  tj'pe,  one  side  ot  e\CT>'  c\^cvk\t  va  (E;rounded,  the  spark  plugs 
themselves  repreaenlmg^iie  gto>i'nicAsAfe*A'^ftV\^-\*a;Ki}S!v\^\k«i. 


Rg-  354.    Wagner  Cul-Out 
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SfaonUl  the  voltmeter  give  a  reading  of  6  volts  while  the  contacts 

Jt>  not  close,  it  shows  that  the  shunt  coil  of  the  cut-out  is  open  and 

licatcs  that  its  connections  are  broken  or  that  the  trouble  is  in  the 

il  iftelf.    This  may  be  confirnie<l  by  operating  the  contacts  by 

h*iid— pushing  the  contact  away  from  the  adjusting  screw  until  it 

iDtiches  the  stationary  contact.     If  it  remains  in  that  position,  the 

pE-nerator  is  charging  the  batterj',  but  the  shunt  coii  of  the  cut-out  is 

flit  of  action  and  the  cut-out  will  function  automatically  as  it  should. 

If,  under  the  conditions  mentioned  in  the  first  paragraph  under 

heading,  the  cut-out  closes,  connect  the  voltmeter  as  described 

iinl  accelerate  the  engine  to  a  speed  corresponding  to  25  miles 

^■r  hour.     If  the  reading  is  then  lo  to  20  volts,  the  trouble  may  be 

<ktd  for  in  a  break  in  the  generator  connection  to  the  cut-out. 

Should  it  not  be  possible  to  locate  any  break,  it  may  be  in  the  series 

euil  of  the  cut-out.  in  which  case  a  new  cut-out  will  be  necessary. 

Sinick  or  GeneraioT  Parts  to  Be  Adjusted.     If  the  starting  lever 

the  switch  is  not  returning  to  the  proper  position  for  running  after 

Carting  the  engine,  it  will  be  indicated  by  a  low  battery  and  dim 

iffhts.     Adjust  so  that  the  le\er  will  go  to  correct  position  for  running 

tu)  see  that  the  contact  fingers  of  the  switch  are  making  proper 

>ntact  with  the  drum. 

In  ca,se  the  battcr>'  docs  not  get  sufficient  charge,  connect  an 
oinieter  to  the  terminal  1)  of  the  switch  and  to  H'  of  the  cut-out. 
t  a  speed  pfjuivalcnt  to  I'l  miles  per  hour,  the  ammeter  should  read 
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circuit.  The  caution  on  the  diagram — Never  run  generaioT  with  baUery 
remoted  from  car  nor  with  wire  dwconiwcted  from  generator — applies 
not  only  to  the  Wagner  system  but  to  practically  every  other 
s\'stem  as  well. 

Instructions.  Ground  in  Starting  or  in  lAghling  Circuits,  When 
the  blowing  of  a  fuse  on  one  of  the  lighting  circuits  13  due  to  a  ground, 
or  a  similar  fault  is  suspected  in  the  starting  system,  it  may  be  tested 
for  either  with  the  lamp  outfit  already  described  or  with  the  low- 
reading  voltmeter,  as  follows: 

Disconnect  one  battery  terminal,  taping  the  bare  end  to  prevent 
contact  with  any  metal  parts  of  the  car,  and  connect  one  side  of  the 
\oltmeter  to  this  terminal.  Attach  a  length  of  wire  having  a  bared 
end  to  the  other  terminal  of  the  voltmeter,  as  shown  in  Fig,  357. 
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voh»  but  tofjn  than  )  voh.  aH  Tiring  aad  coanections  dioaU  be  caie- 
fuOy  infpected  for  fauh?.  Thi=  ve?t  ifacmU  be  nrpealcd  by  irfer^g 
tbe  oonnectioDs.  that  b.  by  nnjonecting  the  wires  on  tbe  ade  cf 
the  bat}er\-  cimiit  that  has  been  opened  and  dbovmecting  ^ 
other  side. 


lAicalizing  Any  Ground.  To  localize  any  fault  that  the  reading 
of  the  voltmeter  may  show,  reconnect  the  wires  to  the  starting  motor 
and  close  the  starting  switch;  any  reading  of  the  voltmeter  with 
sucil  f.-oiiriect'ions  w\\\  \TOVvca\e  OaaX.  l^e  ^ctswai  vi  in  this  circuit. 
Should  no  ground  be  mdvc&leA  'kS.'Oq  ^^«s«.  «Mffi«»i«sso&,  &ssssksi!si*- 
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e  starter  again  and  reconnect  the  generator;  if  the  voltmeter 
cords  any  voltage,  the  ground  is  in  the  generator  circuit.  With 
>th  starter  and  generator  disconnected,  the  voltmeter  being  con- 
?cted  first  to  one  side 
the  battery  and  then 
I  the  other,  operate 
ic  lighting  switches,  the 
iiition  switch,  and  the 
)m,  one  at  a  time,  and 
»te  whether  the  volt- 
<'ter  needle  moves  upon 
using  any  of  these 
I'itches.  A  voltage  read- 
g  upon  closing  any  of 
fse  switches  will  indi- 
te a  ground  in  that  par- 
;ular  circuit. 

Skort-Circuit  Tests, 
o  test  for  short-drcuits,  substitute  the  ammeter  for  the  voltmeter,  but 
» not  connect  the  instrument  to  the  battery.   The  shunt  reading  to  20 
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tery,  Fig.  358.  Disconnect  the  starter  and  the  generator  and  open 
all  the  switches,  then  touch  the  bare  end  of  the  wire  to  the  battery 
terminal  on  the  open  side  as  shown.  Any  reading,  no  matter  how 
small,  will  indicate  a  short-circuit  (two-wire  system)  in  the  wiring 
between  the  battery  and  junction  box  or  between  the  latter  and  the 
starter,  or  generator.  If  the  anmieter  reading  shows  a  heavy  current, 
there  is  a  severe  short-circuit. 

Localizing  a  Short^Circuii.  The  short-circuit  may  be  localized 
in  the  same  manner  as  described  for  the  voltmeter  test,  i.e.,  connect 
the  starter  and  test;  disconnect  the  starter,  connect  the  generator  and 
test.  A  reading  on  the  generator  test  may  be  due  to  the  contacts  of 
the  cut-out  sticking  together.  If  the  cut-out  contacts  are  open  and 
the  anmieter  registers,  there  is  a  short-circuit  in  the  generator 
wmdings. 

Disconnect  the  generator  again,  remove  all  the  lamps  from  the 
sockets,  and  turn  on  the  lighting-circuit  switches  one  at  a  time,  touch- 
ing the  wire  to  the  battery  terminal  after  closing  each  switch.  A 
reading  with  any  particular  switch  on  indicates  a  short-circuit  in  the 
wiring  of  the  lamps  controlled  by  that  switch.  Only  one  switch  should 
be  closed  at  a  time,  all  others  then  being  open.  This  test  should  be 
made  also  with  the  ignition  switch  on  but  with  the  engine  idle.  The 
ammeter  then  should  register  the  ignition  current,  which  should  not 
exceed  4  to  5  amperes.  If  greater  than  this,  the  ignition  circuit  shoukl 
be  examined. 

Cautions,  Do  not  attempt  to  test  the  starter  circuit  with  the  ammeter 
as  it  will  damage  the  instrument.  To  test  the  starter  circuit,  reconnect 
as  for  operating,  removing  the  ammeter.  Close  the  starting  switch ;  a 
short-circuit  in  the  wiring  will  result  either  in  failure  to  operate  or  in 
slow  turning  over  of  the  engine.  See  that  the  switch  parts  are  clean 
and  that  they  make  good  contact.  If  the  short-circuit  is  in  the  wind- 
ing of  the  starting  motor,  there  will  be  an  odor  of  burning  insulation 
or  smoke. 

The  battery  must  be  fully  charged  for  making  any  of  these 
tests.  Wliile  the  effect  either  of  a  ground  or  of  a  short-circuit  will 
be  substantially  tlie  same,  its  location  and  the  remedy  will  be  more 
easily  determined  by  ascertaining  whether  it  is  the  one  or  the 
other.  Instructions  for  making  these  tests  have  already  been  dis- 
cussed in  the  Gray  &  Davis  section. 
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WESTINQHOUSE  SYSTEM 
Twelve-Volt;  Sinsle-Uniti  Single-Wire 

Oynamotor.  The  single  unit  of  the  12-volt  system,  or  tht 
"motor-and-generator"  as  the  manufacturers  term  it,  is  a  bipolai 
machine,  both  the  generator  and  starting-motor  windings  of  whicl 
are  connected  to  the  same  commutator.  Installation  is  usually  bj 
means  of  a  silent  chain,  as  on  the  Hupp  (1915  and  earlier).  Th< 
characteristics  of  this  type  of  machine  are  such  that  when  running 
at  a  speed  equivalent  to  9  miles  per  hour  or  less,  it  acts  as  a  motor 
and  when  the  speed  increases,  it  automatically  becomes  a  generatoi 
and  be^ns  to  charge  the  battery. 

Regulation.  The  third-brush  method  of  regulation  is  employed 
the  amount  of  current  supplied  to  the  shunt  fields  by  this  brusl 
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decreasing  as  the  magnetic  field  of  the  generator  becomes  distorted 
owing  to  increased  speed. 

Control.  The  switch  employed  with  this  type  of  combined  unil 
is  the  regular  single-throw  single-pole  switch  used  on  lighting- 
plant  switchboards.  This  switch  controls  both  the  ignition  anc 
the  starting-motor  drcuits  and,  at  starting,  is  thrown  on  and  )efl 
closed  as  long  as  the  car  is  running. 

Wiring  Diai^ram.  The  connections  of  the  Hupp  installatior 
are  shown  in  Fig.  359. 

Instructions.  Battery  Charging.  As  the  unit  acts  as  a  motoi 
to  drive  the  engine  when  the  latter  is  running  at  a  speed  of  less 
than  the  equivalent  of  9  miles  per  hour  on  high  gear,  slow  driving 
or  permitting  the  engine  to  idle  at  a  very  low  speed  when  the  car  is 
standing  will  discharge  the  battery.  Where  no  ^avito.  vi\  'i!t«,  -wm 
or  connections  exists  and  the  battery  w\\\  T\ot  atK^  dnax^A.  V 
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generator,  of  course,  working  properly),  this  practice  may  be  the 
cause  of  the  trouble.  If  the  voltage  drops  to  10  or  11  volts,  with 
the  headlights  on  but  with  the  engine  stopped,  it  indicates  that  the 
battery  is  practically  discharged.  This  voltage  reading  will  be 
somewhat  higher  in  sunmier  than  in  winter.  The  remedy  is  to 
run  with  fewer  lights  at  night  or  to  run  the  engine  for  longer  periods 
in  the  daytime,  or  at  higher  speeds.  Running  solely  at  night  w^ill 
not  keep  the  battery  sufficiently  charged,  as  most  of  the  generator 
output  is  consumed  by  the  lamps.  Should  the  battery  become 
discharged  to  a  point  where  it  cannot  operate  the  starting  motor, 
disconnect  the  wires  C  and  S  at  the  dynamotor,  taping  their  te^ 
minals  to  prevent  contact  with  any  part  of  the  engine  or  chassis 
Start  the  engine  by  hand  and,  when  running  at  a  speed  of  about 
500  r.p.m.,  reconnect  these  wires,  being  sure  to  connect  wire  S  first, 
when  the  battery  will  begin  to  charge. 

Fire  Prevention.  GasoUne  or  kerosene  is  frequently  employed 
to  wash  automobile  engines.  Before  doing  so,  be  sure  that  the 
starting  switch  is  open,  and  disconnect  the  negative  terminal  of 
the  battery,  taking  care  that  it  does  not  come  in  contact  with  any 
metal  parts  of  the  car.  To  make  certain  of  this,  it  is  better  to  tape 
the  metal  terminal.  Allow  the  gasoline  to  evaporate  entirely  before 
reconnecting  the  battery,  as  a  flash  or  spark  would  be  Uable  to  ignite 
the  vapor.  This  naturally  applies  to  all  cars,  although  only  such  as 
are  equipped  with  the  Westinghouse  single-unit  or  the  Dyneto  single- 
unit  have  starting  switches  which  remain  closed  all  the  time  the 
engine  is  running. 

Weak  Current.  If  the  dynamotor  fails  to  operate  when  the 
starting  switch  is  closed,  open  the  switch  and  test  with  the  port- 
able voltmeter.  If  it  indicates  less  than  11  volts,  the  battery  is  run 
down;  if  it  indicates  12  volts  or  over,  look  for  a  loose  connection  or 
an  open  circuit  (broken  wire)  either  in  the  connection  from  the 
battery  to  the  starting  switch,  from  the  switch  to  the  dynamotor, 
from  the  latter  to  the  ground,  or  from  the  battery  to  the  ground,  in 
the  order  named.  Dim  burning  of  the  lamps  when  the  engine  is 
stopped  also  indicates  a  discharged  battery.  When  this  is  the  case, 
it  is  advisable  to  recharge  at  once  from  an  outside  source,  if  possible. 

A  quick  method  oi  deteTm\xv\xv^  whether  there  is  a  ground  in  the 
wiring  is  to  disconnect  lYveV^XXerj  ^\t^^\A^\iafc^\v^\ife\3K^^ 
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Twelve-Volt;  Single-Unit;  SiitKle-Wire 
Dynamotor.  The  single  unit  of  the  12-volt  system,  or  the 
"motor-and-generator"  as  the  manufacturers  term  it,  is  a  bipolar 
machine,  both  the  generator  and  starting-motor  windings  of  which 
are  connected  to  the  same  commutator.  Installation  is  usually  by 
means  of  a  silent  chain,  as  on  the  Hupp  (1915  and  earlier).  The 
characteristics  of  this  type  of  machine  are  such  that  when  running 
at  a  speed  equivalent  to  9  miles  per  hour  or  less,  it  acts  as  a  motor, 
and  when  the  speed  increases,  it  automatically  becomes  a  generator 
and  begins  to  charge  the  battery. 

Regulation.    The  third-brush  method  of  regulation  is  employed, 
the  amount  of  current  supplied  to  the  shunt  fields  by  this  brush 


Shunt  ritld^ 
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dwrcjisiiig  as  the  magnetic  field  of  the  generator  becomes  distorted 
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and  all  lights  turned  off,  touch  the  disconnected  wire  to  the  terminal 
lightly.  A  spark,  when  this  contact  is  made,  will  indicate  a  ground 
l>etween  the  battery  and  the  dynamotor  or  the  switch.  The  testing 
lamp  should  then  be  used  to  locate  the  circuit  in  which  the  ground  exists. 

Failure  to  charge  properly  may  be  due  also  to  imperfect  con- 
tart  at  the  brushes  or  to  a  break  in  the  shunt-field  circuit  of  the 
generator,  as  explained  in  previous  instructions.  If  the  shunt-field 
circuit  is  found  open,  the  trouble  doubtless  has  been  caused  either 
by  a  ground  between  the  battery  and  the  generator  or  by  running 
the  generator  when  it  was  disconnected. 

To  remove  the  brushes,  lift*  the  spring  that  holds  the  brush  in  the 
guide  and  take  out  the  screw  holding  the  brush  shunt,  when  the  brush 
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third,  and  the  third-brush  method  on  the  fourth.  This  regulator  is 
either  self-contained,  i.e.,  built  in  the  generator,  or  is  mounted  inde- 
pendently. The  connections  of  the  built-in  regulator  are  shown  io 
Fig.  36L  The  open  and  closed  positions  of  the  contacts  of  the  exter- 
nal cut-out  are  shown  in  Fig.  362. 

Wiring  Diagram.  Fig.  363  shows  the  connections  of  the  separately 
mounted  regulator  together  with  the  chai^g  and  lighting  <nrcuit& 


Pig.  364.    WntinghouM  Cut-Out  Switch  ot  Geuntor  with  Third-Bnub  RcrilMion 

Battery  Cut-Out.  The  type  of  automadc  cut-out  used  widi 
the  t>-pe  of  generator  employing  the  third-brush  method  of  f^i^ 
lation  is  illustrated  in  Fig.  364.  This  may  or  may  not  be  combined 
with  a  starting  sn'itch  mounted  on  the  engine  side  of  the  dash  or 
some  similar  location.  Fig.  365  is  a  wiring  diagram  showing  the  con- 
nections of  the  separately  mounted  cut-out  with  the  third-brush 
generator.  The  cutting-in  speed  varies  from  five  to  ten  miles  per 
hour  on  high  gear,  varying  with  the  gear  ratio  and  wheel  diameter  (rf 
the  car.  This  speed  may  be  determined  by  running  the  car  slowly 
m^  speeding  up  very  gradually,  meanwhile  observing  the  increase  in 
i  on  the  speedomet£T.    The  point  at  which  the  contacts  close 
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ill  be  indicated  by  a  sligbt  quick  movemeDt  of  the  ammeter  needle, 
he  cutting-out  speed  is  slightly  below  this  to  prevent  constant 
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Starting  Motors.  Variaiums.  Several  types  are  built  to  meet 
varying  requirements;  i.e.,  with  aelf-contained  reductioD  gearing, 
with  single-reduction  automatic  screw  pinion  shift  (Bendix  drive), 
and  with  automatic  electromagnetic  pinion  shift.  The  first  two  will 
be  familiar  from  the  descriptions  already  given  of  other  makes. 
The  third  is  similar  in  principle  to  the  Bosch-Rushmore,  but  an 
independent  magnet  is  employed  instead  of  utilizing  the  armature 
of  the  motor  itself  for  this  purpose. 

Magnetic  Engaging  Type.  This  type,  as  well  as  the  other  types 
of  starting  motors  mentioned,  may  be  operated  either  by  a  foot  con- 
trolled switch  or  by  a  magnetically  controlled  switch  put  in  action 
by  a  push  button.  The  wiring  diagrams.  Fig.  366,  show  the  drcuits 
of  both  installations  and  also  make  clear  the  operation  of  the  auto- 


Fif.  306.    Wiring  Diagniinl  of  Motor  CoDDHtiani  lor  Aulonutio  Eledronugnetic  PinioD  Shift 

matic  engagement.  The  armature  is  mounted  on  a  hollow  shaft; 
and  on  the  end  of  this  shaft  is  carried  a  splined  pinion  designed 
to  engage  the  flywheel  gear.  This  pinion  is  caused  to  slide  along 
the  shaft  by  a  shifting  rod  which  is  attached  to  the  pinion  and  passes 
through  the  hollow  shaft.  The  other  end  of  this  shifting  rod  acts  as 
the  core  of  the  shifting  magnet  and  will  be  recognized  as  the  plunger 
of  a  solenoid.  When  the  motor  is  idle,  a  spring  holds  the  pinion  at 
the  right-hand  end  of  tlie  shaft  and  clear  of  the  flj-wheel  gear. 

As  shown  diagrammatically  in  Fig.  3(iG,  when  the  starring  switch 
is  closed,  the  circuit  is  completed  from  the  negative  terminal  of  the 
battery,  tlirough  the  switch,  the  shifting  solenoid,  the  armature,  and 
the  series  field  of  the  motor  to  the  frame  of  the  ear  on  which  the 
positive  side  of  the  battery  is  grounded.  The  large  amount  of 
current  necessary  tot  ata-rtm^  euw^vw«,  t,ti«  shifting  solenoid  suffi- 
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dently  to  overcome  the  force  of  the  spring  so  that  it  draws  the  shifting 
rod  to  the  right  through  the  hollow  shaft,  meshing  the  pinion  with 
the  flywheel  gear.  When  the  engine  speeds  up  to  the  no-load  speed 
of  the  starting  motor,  the  current  in  the  latter  falls  off  so  that  the 
pull  of  the  solenoid  is  less  than  that  of  the  spring,  and  the  pinion  is 
automatically  disengaged,  though  the  motor  will  continue  to  revolve 
until  the  starting  switch  is  opened. 

Electrmnagruiie  SwUch.  In  principle,  the  electromagnetic  switch 
b  the  same  as  that  of  the  automatic  engaging  device  for  the  pinion. 
The  movable  double-pole  contact,  instead  of  being  attached  to  a  rod 
for  foot  operation,  is  mounted  on  the  plunger  of  a  solenoid  and  nor- 
mally is  held  open  by  a  spring.  This  solenoid  requires  but  a  small 
amount  of  current  for  its  operation  and  is  connected  on  an  independent 
circuit  with  the  battery.  It  is  controlled  by  a  push  button,  and  when 
the  circuit  is  closed  by  raeans  of  the  latter,  the  phniger  of  the  solenoid 
is  drawn  into  the  coil  against  the  pull  of  the  spring,  thus  bringing  the 
contacts  together  and  holding  them  there  as  long  as  the  solenoid 
is  energized. 

Instructions.  Rfgulaior.  When  the  generator  of  the  voltage- 
regulator  type  fails  to  charge  the  battery  properly,  all  parts  of  the 
iircuit--i  and  connections  having  been  examined  to  determine  that 
they  are  in  proper  condition,  the  regulator  may  be  tested  for  faults. 
With  the  aid  of  the  portable  voltmeter,  note  at  what  voltage  the 
contacts  of  the  cut-out  close  or  cut  in,  and  at  what  voltage  they 
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SPECIAL  SYSTEMS  FOR  FORD  CARS 


I  FORD  SYSTEM 

General  Instructions.  On  the  latest  model  endosed  Ford  cars 
such  as  the  sedan  and  the  coup^,  an  electric  lighting  and  starting 
system  is  now  being  furnished  as  a  regular  part  of  the  equipment. 
As  will  be  noted  by  the  illustration,  Fig.  367,  this  has  been 
designed  especially  for  the  Ford  motor  and  is  combined  with  it 
in  a  manner  that  makes  it  practically  integral.  The  system  is  a 
standard  two-unit  six-volt  single-wire  type  that  is  of  conventional 
design  throughout  so  that  any  repairman  who  is  familiar  with  the 
other  system  pre\iously  described  will  at  once  recognize  the  layout 
of  the  Ford  system  and  have  no  difficulty  in  handling  it.  The 
details  of  the  generator  and  starting  motor  are  shown  in  Fig.  368, 
while  the  complete  wiring  diagram  is  illustrated  in  Fig.  369.  The 
battery  is  a  6-volt  I3-plate  Exide. 

The  precautions  mentioned  in  connection  with  other  systems 
of  this  type  apply  to  the  care  and  handling  of  the  Ford.  If  for 
any  reason  the  generator  is  disconnected  from  the  batter^',  the 
engine  must  not  be  run  unless  the  generator  is  grounded  as  other- 
wise it  is  apt  to  be  burned  out.  A  piece  of  wire,  preferably  flexible 
copper  cable  and  in  no  case  less  than  t^-inch  in  diameter,  should  be 
run  from  the  terminal  on  the  generator  to  one  of  the  valve  cover 
stud  nuts,  making  sure  that  the  wire  is  tightly  held  at  both  ends. 
Removal  of  Starting  Motor.  It  is  necessary  to  remove  the 
[  starting  motor  to  replace  the  transmission  bands.    To  do  this, 

I  first  remove  the  engine  pan  on  the  left  side  of  the  engine  and  then 

^  take  out  the   four  small  screws  holding  the  shaft  cover  to  the 

I  transmission  cover.     Upon  removing  the  cover  and  gasket,  turn 

'  the  Bendix  driveshaft  around  so  that  the  set  screw  on  the  end  of 

the  shaft  is  in  the  position  shown  in  the  illustration,  Fig.  368. 
Immediately  under  the  set  screw  is  placed  a  washer  of  the  locking 
type,  having  lips  or  extensions  oppositely  placed  on  its  circumfer- 
ence. One  of  these  is  turned  against  the  collar  and  the  other  is 
turned  up  against  the  side  of  the  screw  head.  Bend  back  the  lip 
which  has  been  forced  against  the  screw  and  remove  the  set  screw. 
A  new  lock  washer  of  this  t^^pe  must  be  used  when  replacing  the 
/         starting  motor. 
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Full  the  Bendix  assembly  out  of  the  hou^ng,  taking  care  to 
that  the  small  key  is  not  lost.    Uemov-e  the  four  screws  which 


11 

u 

II 

il 


ELECTRICAL  EQUIPMENT 


ELECTRICAL  EQUIPMENT 


534  ELECTRICAL  EQXJIPMENT 

the  reason  for  removing  the  engine  pan.  Li  replacing  the  starting 
motor,  note  that  the  terminal  for  the  electric  cable  must  be  placed 
on  top.  If  the  motor  is  placed  in  any  other  position,  the  cable 
will  not  reach  to  the  terminal.  In  case  it  is  necessary  to  run  th< 
car  without  the  starting  motor  in  place,  transmission  cover  plate 
supplied  for  the  purpose  should  be  put  in  place  to  exclude  dirt  anc 
prevent  the  waste  of  oil. 

Removing  Qenerator.  To  take  the  generator  off  the  engine 
first  take  out  the  three  cap  screws  holding  it  to  the  front  end 
cover  and  by  placing  the  point  of  a  screw  driver  between  the  gen- 
erator and  the  front  end  cover,  the  generator  may  be  forced  ofl 
the  engine  assembly.  Always  start  at  the  top  of  the  generatoi 
and  force  it  backward  and  downward  at  the  same  time.  In  case 
it  is  necessary  to  run  the  car  without  the  generator  in  place,  a 
plate  may  be  had  to  cover  the  opening  thus  left  in  the  timing 
gear  case.  Should  the  batterj*^  be  removed,  the  engine  must  not 
be  run  without  grounding  the  generator  in  the  manner  already 
explained. 

The  generator  is  driven  from  the  large  timing  gear  to  which 
the  camshaft  is  attached  and  is  set  to  cut  into  the  battery  circuit 
when  the  speed  of  the  motor  is  equivalent  to  10  miles  an  hour  on 
l'  the  direct  drive,  while  it  reaches  its  maximum  at  20  miles  per 

hour.  Both  the  generator  and  the  starting  motor  are  lubricated 
by  the  splash  system  of  the  engine  itself,  but  an  additional  oil  cup 
is  plac*ed  on  the  rear  end  bearing  of  the  generator  and  should  be 
given  a  few  drops  of  oil  at  short  intervals. 

Lighting  and  Ignition.    The  lighting  system  consists  of  two 
j;  double-bulb  headlights  and  a  small  taillight  controlled  by  a  com- 

i  bination  lighting  and  ignition  switch  mounted  on  the  instrument 

jj  board  and  the  connections  of  which  will  be  noted  in  the  wiring 

r  diagram.    All   of   the   lamps   are   connected  in   parallel,   current 

j  being  supplied  for  them  by  the  battery.    The  lamps  should  nevei 

be  connected  to  the  magneto,  as  the  higher  voltage  of  the  lattei 
will  burn  out  the  bulbs  and  it  may  discharge  the  magnets. 

Reference  to  the  wiring  diagram  will  show  the  connection 
between  the  battery  and  the  combination  lighting  and  ignition 
switch  by  means  of  which  the  battery  current  may  be  sent 
through  the  induction  co\!^^  lot  ^^axNik^^.   ^>kv  \s!lq^^  ^kqjccc^^^^  ^th 
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I  starting  and  lighting  systems,  the  magneto  is  employed  solely  for 
ignition.  ^NTienever  any  adjustments  or  repairs  are  to  be  made  to 
the  wiring,  the  table  leading  to  the  positi\'e  side  of  the  battery 
fliouid  first  be  dist-onnected  and  protected  with  insulating  tape. 
Otherwise,  the  battery  current  is  apt  to  be  passed  through  the 
loagnet  eoils,  and  this  will  result  in  discharging  the  magnets. 

The  operation  of  the  system  is  checked  by  means  of  an 
ammeter  mmmted  tin  the  instrument  board.  WTien  the  lights  are 
burning  and  the  engine  is  not  running  at  a  speed  in  excess  of  the 
equivalent  of  10  miles  an  hour,  the  ammeter  will  show  discharge. 
At  a  speed  of  1.5  miles  per  hour  or  faster,  the  ammeter  should 
show  a  reading  of  10  to  12  amperes,  even  with  the  lights  burning. 
When  the  ammeter  fails  to  give  a  charge  rcmling  with  the  engine 
rumiing  at  a  speed  of  15  miles  an  hour  or  better,  the  generator 
should  be  tested,  if  an  examination  fails  to  reveal  any  loose  con- 
nections at  the  ammeter  or  on  its  line.  To  make  the  generator 
test,  the  cable  is  disconnected  from  its  terminal  on  the  generator 
and  the  engine  run  at  a  moderate  speed.  With  a  pair  of  pUera, 
short-circuit  the  generator  by  placing  against  the  terminal  stud 
and  against  the  housing  of  the  generator  at  the  same  time.  If  the 
generator  is  in  good  working  condition,  a  bright  spark  will  result. 
The  engine  should  at  once  be  stopped,  as  the  generator  should  not 
be  run  in  this  condition  a  moment  kinger  than  necessary.  An 
inspection  of  the  connections  and  wiring  as  outlined  in  previous 
sections  will  be  found  equally  effective  in  discovering  short-circuiti 
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Bendix  drive  shaft  to  engage  with  the  teeth  on  the  flj-wheel,  th\u 
turning  over  the  crankshaft.  When  the  engine  is  cold,  it  may  be 
necessary  to  prime  it  by  pulling  out  the  carburetor  priming  rod, 
which  is  located  on  the  instrument  board.  In  order  to  avoid  flood- 
ing the  engine  with  an  over-rich  mbcture  of  gas,  the  priming  rod 
should  only  be  held  out  for  a  few  seconds  at  a  time. 

GRAY  AND  DAVIS 

General  Instructions.  Gray  and  Da\'is  and  some  of  the  othei 
leading  manufacturers  who  make  the  starting  and  lighting  equip- 
ment for  larger  cars  also  manufacture  a  special  type  designed  for 
the  Ford.  These  special  Ford  systems  are  simple  and  compact, 
and  everjlhing  necessary  to  install  them  on  the  machine  is  pro- 
vided by  the  maker  of  the  apparatus  so  that  they  may  be  installed, 
either  by  the  owner  of  the  machine  or  by  the  local  garage  man 
whose  electrical  experience  is  limited.  This  necessitates  the  removal 
of  the  radiator,  radiator  brace  rod,  hose  connections,  fan,  fan  pul- 
leys and  belt,  cylinder  head,  and  in  some  cases  the  timing-gear 
housing.  The  ground  connection  of  the  headlights,  which  b 
soldered  to  the  back  of  the  radiator  on  1915  and  subsequent 
models  provided  with  electric  headlights  supplied  by  the  Ford 
magneto,  must  be  discarded  altogether,  as  the  lights  are  to  be 
supplied  by  the  storage  battery.  In  cases  where  it  is  necessary  to 
remove  the  timer  (this  must  be  done  when  the  timing-gear  housing 
has  to  be  removed),  both  the  timer  and  the  carburetor  should  be 
adjusted  for  efficient  running  before  starting  to  dismantle  the 
engine,  and  if  the  latter  is  turned  over  while  the  timer  is  off,  the 
ignition  timing  must  be  readjusted  when  the  timer  is  put  back. 
As  the  removal  of  all  the  parts  mentioned  is  a  simple  matter  fully 
covered  in  the  Ford  instruction  books  and  familiar  to  practically 
every  garage  man  in  the  country,  they  are  not  repeated  here. 

Installation.  Preparing  Engine.  Remove  the  radiator,  discon- 
necting the  ground  wire  from  it;  disconnect  the  wires  from  the  head 
lamps  and  remove  the  head  lamps  and  supports.  Take  off  the  bracket 
and  fan,  Fig.  370,  and  turn  the  engine  by  hand  until  the  pin  2  in  the 
fan  pulley  is  straight  up  and  down;  remove  the  pin  from  the  jaw 
clutch  and  remove  the  starting-cranky,  belt  6,  and  the  cotter  pin,  S; 
take  the  pin  from  t\\e  iaw  ^\i!X^^  «.\A\^\siw^\isv^>^\iJ«:>3  €.    R<ftmove 
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the  second,  fourth,  and  fifth  bolts  from  the  crankcase  flai^  7,  the 
left  aod  front  bolt  from  the  side-water  connections  8  and  9,  as  well 
the  second  cylinder-head  bolt  10. 

Note — The  numerals  refer  to  the  parts  to  be  removed  or  replaced,  as  well 
ai  the  sequence  in  which  the  operations  are  to  be  carried  out,  aa  shown  on  the 
sketches.  Each  illustration,  however,  has  its  own  series  of  the  same  numbers, 
which  should  not  be  confused  with  those  on  other  views. 

Lay  the  chain  /  in  the  rear  of  the  engine  support  around  the 
craak-shaft,  Fig.  371 ,  and  then  place  the  original  starting-crsnk  jaw 
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I  the  motor  terminal  /  is  free  from  contact  with  any  other  metal;  also 
that  the  d>iiamo  terminal  2  and  insulation  are  act  injured.  Test  the 
shaft  and  gears  3  to  see  that  they  turn  freely,  a,A  then  fill  the  oil 
cups  4  ^'ith  oil. 

Release  the  top  adjusting  screw  5,  also  two  lower  clamping  lock 
nuts  G  ( front),  as  well  as  the  two  upper  clamping  lock  nuts  7  (rear)  and 
the  single  middle  clamping  lock  nut  8  (front).  The  units  must  be  in 
the  lowest  position  possible  on  the  bracket  before  placing  it  on  the  car. 
In  Fig.  '.ilS  is  shown  the  starter-generator  unit  in  place  on  the  engine 
with  the  bolts  and  nuts  all  tightened.     This  is  carried  out  as  follows: 
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so  that  the  chain  will  be  tight  when  the  units  are  in  the  lowest  possibh 
position.  Use  washers  8  as  shims  between  the  bracket  and  thi 
cylinder-head  link.  Secure  the  three  lower  bracket  bolts  9  witl 
lock  washers  and  nuts,  also  secure  the  water-connection  bolts  6  am 
7  and  the  cylinder-head  bolt  5,  Adjust  the  bracket  stay  bolt  IC 
adjust  the  chain  1!  to  moderate  the  tension  and  lock  adjustment 
securely  tighten  five  clamping  bracket  nuts,  and  then  crank  the  engin 
slowly  by  hand  to  see  that  everj-thing  turns  smoothly.  If,  throng] 
some  irregularity  in  the  engine  casting  the  bracket  should  not  sea 
properly,  it  may  be  necessary  to  file  the  bracket  holes  to  meet  thi 
condition.    Be  sure  that  the  sprockets  are  in  true  alignment,  or  tb 


uneven  strain  may  cause  injury.  If  necessary,  elongate  the  holes  ii 
the  bracket  or  shim  bracket  as  needed  to  insure  perfect  alignmen 
of  chain. 

When  adjusting  the  bracket  stay  bolt  10,  make  sure  that  it  rest 
against  the  engine  casting  without  strain  and  secure  it  with  nuts  oi 
each  side  of  the  bracket.  Bend  tlie  ignition  timing  to  clear  the  chain 
if  necessary,  but  after  liending,  the  distance  between  the  ends  of  th 
rod  in  a  straight  line  must  be  equal  to  its  orijjinal  length.  Adjust  th' 
chain  to  modenite  tension  and  secure  both  the  mijnstment  lock  nut 
at  the  top.  If  all  five  nuts  holding  the  adjustable  bracket  are  no 
reJeased  before  adjustmfe, une.vui.uwv'Ei-ma.-i  c».\»fe x-wjiYj .   ?R.ii<M«l 
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I  tighten  the  sliding-bracket  nuts  I£ — two  at  the  bottom  front  side, 
I  two  at  tlie  top  rear,  and  one  at  the  front  end.     Test  by  turning  the 
Oigine  over  by  liand  slowly. 

Remoutiiing  Engine  Parts.  Fit  split  pulley  1  to  the  hub  of  the 
(an,  Fig.  .374,  an<l  attjich  split  pulley  S  with  four  screws;  slip  a  new 
belt  over  the  fan  pulley,  attach  the  fan,  and  adjust.  Place  the  radia- 
tor 4  on  its  support  and  screw  the  radiator  rod  into  the  radiator  and 
secure  with  check  nut  3;  secure  the  hose  clamps  at  the  top  and  side 
water  connection  G;  place  the  radiator  nuts  and  secure  with  cotter 
pins.  Attach  the  lighting  switch  at  the  cowl  (left)  with  ^inch  screws  . 
and  attach  three  lighting- 
cable  clips  on  the  rear  of 
the  dash,  using  }-inch 
woo«i  screws;  cut  the 
r  from  the  toe  board 
for  clearance.  Attach 
three  wire  clips  10  to  the 
left  side  of  the  frame  and 
attach  green  wire  I!  to 
the  dynamo  terminal. 
Then  connect  the  short 
black  and  red  wire  to  the 
left  head  lamp.  Pass  a 
long  black  and  red 
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the  cable  clip  holding  the  two  wires,  and  secure  the  spring  and  th 
knob  with  a  pin. 

Priming  Device.  Connect  the  priming  device  1,  Fig.  376.  Dri 
a  aVinch  hole  in  the  dash  two  inches  to  the  ri^t  of  the  coil  box  an 
six  inches  above  the  toe  board  and  pass  the  upper  rod  through.  Coj 
nect  the  lever  arm  S  vertically  to  the  foremost  exhaust  manifold  bo 
with  stationary  member  in  horizontal  position ;  then  connect  the  low< 
rod  3  to  the  carburetor  priming  lever.  Work  it  back  and  forth  severi 
times  to  make  sure  that  it  returns  to  normal  portion  when  release* 

Battery.  Place  the  battery  Box  on  the  right-hand  runniiig  boarc 
Fig.  377,  to  permit  easy  opening  of  doors  and  access  to  battery  boi 


then  mark  four  holes  with  the  center  punch.  Drill  four  holes  -H  ind 
in  diameter  in  the  running  board  ^,  using  a  jack  or  prop  to  supper 
the  running  board  while  drilling.  Replace  the  battery  box  on  th 
running  board  in  order  to  mark  the  holes  in  mud  guard  for  insulatin 
cable  bushings  3,  then  make  two  holes  1  f  inches  in  diameter.  Insei 
insulating-cable  bushing  4  in  left  hole  and  secure  with  round  Wfxxlei 
nut ;  do  the  same  with  the  right-hand  bushing  6.  Secure  wood  nuts  < 
with  a  wire  twisted  around  the  thread.  A  coat  of  heavy  paint  wii 
also  hold  the  nut  in  place  and  preserve  the  insulator.  Place  the  twi 
flat  wood  cleats  7  with  holes  at  each  end  between  the  battery  box  ant 
*he  running  board ;  tWn  pa5.s^ouiWi\,?.  & , \\w3a.Vj  \\Vn.tV«s,  thtougl 


ELECTRICAL  EQUIPMENT 


543 


\ie  battery  box,  cleats,  and  running  board,  and  secure  them  with 
four  nuts  and  lock  washers.  Place  two  special-shaped  wood  cleats  9 
inside  the  battery  box,  one  at  each  end  for  the  battery  to  rest  upon, 
so  that  holes  in  the  cleats  will  fit  over  the  bolt  heads.  Raise  springs 
10  and  hang  on  the  side  of  the  battery  box,  placing  the  battery  in  the 
box  and  inserting  two  §-inch  wood  strips,  one  each  side  between  the 
battery  and  the  battery  box.     Attach  two  springs  II  &t  opposite  ends 
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tail-light  wire;  see  that  the  wire  does  not  make  contact  with  any  metal 
edges.  Attach  the  electric  light  £.  If  the  tail  lamp  has  a  one-point 
vire  connector,  the  lamp  body  must  be  metallically  connected  with 
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should  run  from  the  mood 
terminal  of  the  connector  tott 
metal  framework  of  the  ca 
Comiect  the  short  startir 
cable  4  (negative)  and  tt 
green  and  red  wire  to  the  star 
ing-9witch  terminal  nearest  tl 
battery.  Then  pass  the  end  i 
the  battery  cable  through  tl 
foremost  insulator  In  the  mu 
guard.  Attach  the  end  d  tt 
starting  cable  S,  leadii 
through  the  tear  hole  in  tt 
mud  guard,  to  the  second  bo 
in  the  transmission  case.  Ui 
a  lock  washer  and  a  plai 
wash^  under  the  head  of  tl 
bolt  to  insure  permanent  coi 
tact.  This  is  the  positive  cabi 
which  connects  to  the  +  term 
nalSofthebatterj-.  Thenpai 
the  end  of  the  cable  throng 
the  rear  insulator  in  the  mu 
guard  and  under  the  exhaui 
pipe,  which  it  must  not  toud 
Attach  to  the  starting-switc 
terminal  6,  securely,  the  en 
of  the  cable  which  runs  to  ^tl 
starter.  Support  the  start) 
cable  7  by  a  cUp  to  the  iusitj 
curved  edge  of  the  dash.  Whe 
connecting  cables  to  the  bai 
tery,  be  sure  that  the  terminal 
are  securely  fastened — ^fin 
contact  must  be  made.  Th 
battery  terminals  are  madec 
lead  and  must  be  handled  can 
V\i!\'j.  ^«^^JGc^-<»i^ terminal 
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T  di^.tly  in  aze  and  correspond  to  the  holes  in  the  battery 
linal,  the  negative-cable  terminal  being  the  smaller.  Pass  the 
most  cables  8  through  the  battery-box  insulator  and  connect 
a  firmly  to  the  negative  battery  terminal.  Do  not  connect 
positive  cable  to  the  battery  or  insert  the  fuses  until  the  instal- 
iD  has  been  made  in  accordance  with  the  instructions  and  tests 
r  that  wires  are  not  in  contact  with  the  frame  of  the  car.  Turn 
iif^ting  switch  off  and  touch  the  positive  terminal  lightly  to  the 
ery  terminal.  If  there  is  a  spark,  it  indicates  a  short-circuit  or 
XMind,  caused  by  a  wire  coming  in  contact  with  the  frame. 
icdy  the  trouble  before  connecting  up  the  battery.  If  there  is 
pai^,  permanent  connection  may  be  made.  The  lamp-test  set 
*  be  used  to  determine 
ther  there  are  any 
inds  or  short-circuits, 
re  connecting  up  the 
eiy. 

When  all  indications 
rthat  the  installation 
been  made  properly, 
lect  the  positive  start- 
able  to  the  positive 
linal  9  of  the  battery. 
t  mod  secure  the 
L  the   battt- 
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screw  at  the  top  of  the  bracket  and  tighten  the  check  nut  and  adj 
ing  screw  to  lock  the  adjustment.  Then  retighten  all  five  clam] 
nuts  securely.  Turn  the  engine  by  hand  to  determine  whether 
chain  runs  smoothly;  the  chain  should  not  be  too  tight.  After  I 
service,  when  sll  chain  adjustment  has  been  taken  up,  the  chain  i 
be  shortened  by  taking  out  a  pair  of  links.  The  latest  type  of  chai 
dupplied  with  a  removable  pair  of  links,  retained  in  position  by 
removable  pins.  These  pins  are  a  trifle  longer  than  the  reg 
riveted  pins. 

Where  the  chain  has  been  shortened,  it  is  sometimes  neces: 
to  lower  the  supporting  bracket  slightly  by  removing  some  of 
^inch  washers  under  the  bracket  or  by  filing  the  spacers  slightly 
that  the  chain  will  be  tight  when  the  unit  is  in  the  lowest  posa 
portion. 

Wires  are  subject  to  dislodgement  and  injury,  hence  they  sht 
be  examined  carefully  to  see  that  they  are  not  lasting  on  sharp  et 
of  metal  and  that  the  insulation  is  not  worn  or  injured.  See  that  n 
of  the  wires  are  swinging  or  rubbing  against  metal,  as  this  is  likel; 
injure  the  insulation.  Also  examine  the  cables  leading  through 
battery  box  and  raud  guards;  the  bushings  must  be  Intact  and  in  p 
to  protect  the  cables  from  short-circuiting.  Wherever  injury  to 
part  of  the  insulation  is  found,  wrap  the  spot  carefully  with  insulai 
tape  and  bend  away  from  the  metal  to  provide  sufficient  clearano 
prevent  further  damage. 

If  the  lamps  fail  to  light  when  the  lighting  switch  is  operai 
the  fuse  on  the  back  of  the  lighting  switch  should  be  examined ;  it  r 
be  burned  out,  broken,  or  not  properly  clamped  in  its  fuse  el 
The  wires  may  not  be  properly  connected  (this  should  be  checked 
wiring  diagram),  the  bulbs  may  be  burned  out,  or  the  filaments  r 
be  broken.  The  lamp  wiring  may  be  short-circuited  or  the  char| 
circuit  may  be  open. 

Do  not  run  the  engine  with  the  battery  disconnected  or  off 
car  without  first  insulating  or  removing  two  of  the  generator  brus 
to  i)reveiit  tlie  generator  from  generating  a  current.  To  determ 
if  generator  is  operating  properly,  turn  on  the  head  and  tail  lar 
while  the  engine  is  idle.  Start  the  engine  and  accelerate  to  charg 
speed  or  over;  a  perceptible  brightening  of  the  lamps  will  indic 
that  the  machine  "is  ge'fteTsAm?,  sMffitiient  current  both  to  charge 
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^■wttery  and  to  light  the  lamps.  Do  not  open  the  charging  circuit  at 
any  time  when  the  engine  13  running. 

Testing  Generator  with  Ammeter.  A  more  accurate  determina- 
tion may  be  made  by  connecting  an  ammeter  in  the  circuit.  Discon- 
nect the  red  and  green  wire  connected  to  tlie  fuse  terminal  on  the  back 
of  the  lighting  switch  and  connect  it  to  one  terminal  of  the  ammeter. 
From  the  other  terminal  of  the  ammeter,  connect  a  wire  to  the  fuse 
terminal  to  which  the  red  and  green  wire  was  previously  connected. 
Turn  the  lights  on  with  the  engine  idle.  The  ammeter  should  regis- 
ter "discharge",  the  reading  representing  the  amount  consumed  by 
the  lamps  turne<i  on.  i.e.,  head  and  tail  lamps,  5  to  6  amperes;  side  and 
tail  lamps,  I J  to  2  ampere,'^.  If  the  ammeter  indicated  "charge" 
instead  of  "discharge",  with  the  lamps  turned  on  and  the  engine  idle, 
reverse  the  wires  connected  to  the  ammeter  terminals.  In  case  tlie 
ammeter  does  not  register,  see  that  the  pointer  is  not  jammed,  other- 
wise, the  circuit  is  open  at  some  point  or  the  battery  is  exhausted. 

Run  the  engine  at  a  speed  corresponding  to  12  to  15  miles  per 
hoiir,  the  lights  being  turned  off.  If  tlie  ammeter  registers  "chaise", 
the  generator  is  then  charging  the  battery.  Increase  the  engine  speed 
to  a  car  speed  corresponding  to  13  to  IS  miles  per  hour.  The  ammeter 
reading  should  then  be  from  12  to  15  amperes.  As  the  engine  speed 
is  increased  above  IS  miles  per  hour,  the  charging  rate  will  decrease 
groduail)'  to  approximately  10  amperes  at  very  high  speed.  With  the 
engine  running  at  12  miles  an  hour  or  faster,  turn  the  lights  on; 
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ELECTRIC  STARTING   AND   LIQHTING 

SYSTEMS — (Continued) 


STARTING  AND  LIQHTINQ  STORAGE  BATTERIES 

Importance  of  the  Battery  In  Starting  and  Lighting.  In  the 
last  analysis,  every  electric  lighting  and  atjirting  system  on  the 
automobile  is  necessarily  a  batterj'  sjstein.  An  electric  starter 
is,  first  and  last,  a  battery  starter,  since  no  system  can  be  any  more 
powerful  than  its  source  of  energy.  In  other  wonis,  the  storage 
battery  is  the  business  end  of  every  electrical  starting  and  lighting 
system.  Just  as  the  most  elaborate  and  reliable  ignition  apparatus 
is  of  doubtful  value  with  poor  spark  plugs,  so  the  finest  generators, 
motors,  and  auxiliaries  become  useless  if  the  battery  is  not  in  proper 
working  order. 

Storage  Battery  Requires  Careful  Attention.  A  little  experience 
in  the  maintenance  of  electric  starting  and  lighting  sj-atems  will 
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Other  things  being  equal,  the  successful  operation  of  any  starti] 
and  lighting  system  centers  almost  wholly  in  the  proper  maintenance' 
the  storage  battery.  Not  all  the  defections  that  this  part  of  the  ele 
trical  equipment  of  the  car  suffers  are  caused  by  the  battery,  but  unle 
properly  cared  for,  it  will  be  responsible  for  such  a  large  proportic 
that  the  shortcomings  of  the  rest  of  the  system  will  be  entirely  fc 
gotten.  To  make  it  even  stronger,  it  may  well  be  said  that  unle 
the  storage  battery  is  kept  in  good  condition,  the  rest  of  the  syste 
will  not  have  an  opportunity  to  run  long  enough  to  suflFer  from  wej 
In  a  great  many  cases  that  come  to  the  repair  man's  attention,  tl 
battery  is  ruined  in  the  first  six  months'  service,  usually  throuj 
neglect.  For  this  reason,  considerable  attention  is  devoted  to  tl 
battery  and  its  care  in  this  connection,  despite  the  fact  that  it 
very  fully  covered  in  the  volume  on  Electric  Vehicles.  The  cone 
tions  of  operation,  however,  are  totally  unlike  in  the  two  ca« 
In  one  instance,  the  energy  of  the  battery  is  called  for  only  at  a  ra 
of  discharge  which  is  moderate  by  comparison  with  the  ampere-ho 
capacity,  while  the  battery  itself  is  constantly  under  the  care  of 
skilled  attendant.  In  the  other  instance,  the  demand  for  current 
■i  not  alone  excessive  but  wholly  disproportionate  to  the  total  capaci 

(■  of  the  battery  when  it  is  used  for  starting,  and  intelligent  care 

" '^i  usuaHv  conspicuous  by  its  absence. 

PRINCIPLES  AND  CONSTRUCTION 

Function  of  Storage  Battery.  In  the  sense  in  which  it  is  common 
understood,  a  battery  does  not  actually  store  a  charge  of  electricit 
The  process  is  entirely  one  of  chemical  action  and  reaction.  A  batte: 
is  divided  into  units  termed  celh.  Each  cell  is  complete  in  its< 
and  is  uniform  with  every  other  cell  in  the  battery,  and  one  of  t! 
chief  objects  of  the  care  outlined  subsequently  is  to  maintain  tl 
uniformity.  Each  cell  consists  of  certain  elements  which,  when 
current  of  electricity  of  a  given  value  is  sent  through  them  in  oi 
direction  for  a  certain  length  of  time,  will  produce  a  current 
electricity  in  the  opposite  direction  if  the  terminals  of  the  battel 
are  connected  to  a  motor,  lamps,  or  other  resistance.  The  cell  wi 
of  course,  also  produce  a  current  if  its  terminals  are  simply  brougl 
together  without  any  outside  resistance.  This,  however,  wou 
represent  a  dt^ad  shoTt-cixcutt  %.wd  7Jo\Jd  permit  the  battery  to  di 
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'I  charge  itself  so  rapidly  as  to  ruin  its  elements.  This  is  one  of  the 
things  that  must  be  carefully  guarded  against.  When  attendtng 
a  battery,  see  that  its  terminals  are  not  left  exposed  where  tools  may 
accidentally  drop  on  them.  When  the  current  i."*  being  sent  into  the 
battery,  as  mentioned  above,  it  is  said  to  be  charging;  wlien  it  is 
coaDectc<l  to  an  outside  resistance,  it  is  discharging. 

Parts  of  Cell.  Elements.  These  are  known  as  the  positive 
and  negative  plates  and  correspond  to  the  positive  and  negative 
electrodes  of  a  primary  battery.  They  consist  of  a  foundation  com- 
|K>sed  of  a  casting  of  metallic 
lead  in  the  form  of  a  grid,  the 
outer  edges  ami  the  connecting 
lug  being  of  solid  lead,  while 
the  remainder  of  the  grid  is  like 
two  sections  of  lattice  work  so 
placed  that  the  openings  do  not 
correspond.  Every  manufacturer 
has  difTerent  patterns  of  grids, 
but  this  description  will  apply 
equally  well  to  all  of  them.  I'ig. 
;iS2  illustrates  the  grid  of  the 
Philadelphia  battery.  The  oh- 
j«t  in  giving  them  this  fonii  is 
to  make  the  active  material  of 
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of  the  positive  plates,  there  is  always  one  more  negative  plate  thai 
positive  plates  in  a  cell.  The  lead  connectors  of  each  of  the  plate 
is  burned  to  its  neighbor  of  the  same  kind,  thus  forming  the  positive 
and  negative  groups  which  constitute  the  elements  of  the  cell. 

Separators.  As  the  elements  must  not  be  allowed  to  come  ii 
contact  with  each  other  in  the  cell  because  to  do  so  would  cause  ai 
internal  short-circuit  to  which  reference  is  made  later,  and  as  th( 
maximum  capacity  must  be  obtained  in  the  minimum  space,  th( 
plates  are  placed  very  close  together  with  wood  and  perforates 
hard  rubber  separators  between  them.  These  are  designed  to  fi 
ver>'  snugly,  so  that  the  combined  group  of  positive  and  negative 
plates  is  a  very  compact  unit.  When  reassembling  a  ceU,  it  is  impor 
tant  that  these  separators  be  properly  cared  for  in  accordance  witi 
the  directions  given  later. 

Electrolyte.  To  complete  the  cell,  the  grouped  elements  witI 
their  separators  are  immersed  in  a  jar  holding  the  electrolyte.  Thi 
is  a  solution  consisting  of  water  and  sulphuric  acid  in  certain  pro 
portions,  both  the  acid  and  the  water  being  chemically  pure  to  f 
certain  standard.  This  is  the  grade  of  acid  sold  by  manufacturers  ai 
battery  acid  and  in  drug  stores  as  C.P.  (chemically  pure),  whih 
the  water  should  be  either  distilled,  be  cleanly  caught  rain  water 


or  melted  artificial  ice.    In  this  connection,  the  expression  "chemi- 


cally pure"  acid  is  sometimes  erroneously  used  simply  to  indicate 

acid  of  full  strength,  i.e.,  undiluted,  or  before  adding  water  to  mab 

the  electrol^le.      It  will  be  apparent  that  whether  at  its  origina 

'\  strength  or  diluted  with  distilled  water,  it  is  still  chemically  pure 

j  In  mixing  electrolyte,   a  glass,  porcelain,  or  earthenware  vesse 

^'  i|  must  be  used  and  the  acid  must  always  be  poured  into  the  water.    Nevei 

I  attempt  to  pour  the  water  into  the  acid,  but  always  add  the  acid 

,  j  a  little  at  a  time,  to  the  water.    The  addition  of  the  acid  to  the  wate: 

J  does  not  make  simply  a  mechanical  mixture  of  the  two  but  creates  i 

solution  in  the  formation  of  which  a  considerable  amount  of  heat  ii 

liberated.    Consequently,  if  the  acid  be  poured  iiito  the  water  to( 

fast,  the  containing  vessel  may  be  broken  by  the  heat.    For  the  sami 

reason,  if  the  water  be  poured  into  the  |icid,  the  chemical  reactioi 

will  be  very  violent,  and  the  acid  itself  will  be  spattered  about 

Sulphuric  acid  is  highly  corrosive;  it  will  cause  painful  bums  whenevei 

it  comes  in  contact  (eveii  m  dSi>3Xi^  ^^^^xs^Asyc^  ^wAk  ti^a  s.kin  and  wil 
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quickly  destroy  any  fabric  or  metal  on  which  it  falls.  It  will  also 
attack  wood,  for  which  reason  nothing  but  glass,  earthenware,  or 
hard  rubber  containers  should  be  employed. 

Specific  Qravity.  The  weight  of  a  liquid  as  compared  with 
distilled  water  is  known  as  its  specific  gravity.  Distilled  water  at 
60'  F.  is  1,  or  unity.  Liquids  heavier  than  distilled  water  have  a 
spedfic  gravity  greater  than  unity;  lighter  liquids,  such  as  gasoline, 
have  a  specific  gravity  less  than  that  of  distilled  water.  Concentrated 
sulphuric  acid  (battery  acid,  as  received  from  the  manufacturer) 
b  a  heavy  oily  hquid  having  a  specific  gravity  of  about  1.835.  A 
battery  will  not  operate  properly  on  acid  of  full  strength,  and  it  is 
therefore  diluted  with  suflicient  water  to  bring  it  down  to  1.275. 
This,  however,  is  the  specific  gravity  of  the  electrolyte  only  when  the 
battery  is  fully  charged.  The  specific  gravity  of  the  electrolyte 
affords  the  most  certain  indication  of  the  condition  of  the  battery 
at  any  time,  and  its  importance  in  this  connection  is  outlined  at 
considerable  length  under  the  head  of  Hydrometer  Testa.  The 
desire*!  specific  gravity  can  be  easily  secured  by  adding  concen- 
trated sulphuric  acid  to  the  wafer.  Never  add  the  water  to  the 
acid  as  it  will  cause  undue  heat. 

Action  of  Cell  on  Charge.  When  the  elements  described  are 
immersed  in  a  jar  of  electrolyte  of  the  proper  specific  gravity,  and 
terminals  are  provided  for  connecting  to  the  outside  circuit,  the 
cell  is  complete.    As  the  lead-plate  storage  battery  produces  current 
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out  of  the  plates  into  the  electrolyte,  thus  raising  the  specific  gravity 
of  the  electrolyte.  When  practically  all  of  this  acid  has  been  trans- 
ferred from  the  active  material  of  the  plates  to  the  solution,  or 
electrolyte,  the  cell  is  said  to  be  fully  charged  and  should  then  show 
a  specific  gravity  reading  of  1.275  to  1.300.  The  foregoing  refers  of 
course  to  the  initial  charge.  After  the  cell  has  once  been  discharged, 
the  active  material  of  both  groups  of  plates  has  been  converted  into 
lead  sulphate.  The  action  on  charge  then  consists  of  driving  the 
acid  out  of  the  plates  and  at  the  same  time  reconverting  the  lead 
sulphate  into  peroxide  of  lead  in  the  positive  plates  and  into  spongy 
metallic  lead  in  the  negative  plates. 

Action  of  Cell  on  Discharge.  The  action  of  the  cell  on  discharge 
consists  of  a  reversal  of  the  process  just  described.  The  acid  which 
has  been  forced  out  of  the  plates  into  the  electrolyte  by  the  charging 
«current  again  combines  with  the  active  material  of  the  plates, 
when  the  cell  is  connected  for  discharge  to  produce  a  current.  When 
the  sulphuric  acid  in  the  electrolyte  combines  with  the  lead  of  the 
active  material,  a  new  compound,  lead  sulphate,  is  formed  at  both 
plates.  This  lead  sulphate  is  formed  in  the  same  way  that  sulphuric 
acid,  dropped  on  the  copper-wire  terminals,  forms  copper  sulphate, 
or  dropped  on  the  iron  work  of  the  car,  forms  iron  sulphate.  In  cases 
of  this  kind,  it  will  always  be  noted  that  the  amount  of  sulphate 
formed  is  all  out  of  proportion  to  the  quantity  of  metal  eaten  away. 
In  the  same  manner,  when  the  sulphuric  acid  of  the  electrolyte  com- 
bines with  the  lead  in  the  plates  to  form  lead  sulphate,  the  volume 
is  such  as  to  completely  fill  the  pores  of  the  active  material  when 
the  cell  is  entirely  discharged.  This  makes  it  difficult  for  the  charging 
current  to  reach  all  parts  of  the  active  material  and  accounts  for  the 
manufacturers'  instructions,  never  to  discharge  the  battery  below  a 
certain  point. 

As  the  discharge  progresses,  the  electrolyte  becomes  weaker  by 
the  amount  of  acid  that  is  absorbed  by  the  active  material  of  the 
plates  in  the  formation  of  lead  sulphate,  which  is  a  compound  of 
acid  and  lead.  This  lead  sulphate  continues  to  increase  in  bulk, 
filling  the  pores  of  the  plates,  and  as  these  pores  are  stopped  up  by 
the  sulphate,  the  free  circulation  of  the  acid  is  retarded.  Since 
the  acid  cannot  reach  the  active  material  of  the  plates  fast  enough 
to  maintain  the  nonxiaY  ac^tiovi.  the  battery  becomes  less  active. 
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which  is  indicated  by  a  rapid  falling  off  in  the  voltage.  Starting 
It  slightly  over  2  volts  per  cell  when  fully  charged,  this  voltage 
will  be  maintained  at  normal  discharge  rates  with  but  a  slight  drop, 
until  the  lead  sulphate  begins  to  fill  the  plates.  As  this  occurs, 
the  voltage  gradually  drops  to  1,8  volts  per  cell  and  from  that  point 
on  will  drop  very  rapidly.  A  voltage  of  L7  volts  per  cell  indicates 
practically  complete  discharge,  or  that  the  plates  of  the  cell  are 
filled  with  lead  sulphate  and  that  the  battery  should  be  phiced  on 
charge  immediately. 

During  the  normal  discharge,  the  amount  of  acid  used  from  the 
electrolyte  will  cause  the  specific  gravity  of  the  solution  to  drop 
100  to  150  points,  so  that  if  the  hydrometer  showed  a  reading  of 
1.280  when  the  cell  was  fully  charged,  it  will  indicate  but  1,130  to 
1.180  when  it  is  exhausted,  or  completely  discharged.  The  electrolyte 
is  then  very  weak ;  in  fact,  it  is  little  more  than  pure  water.  Practically 
all  of  the  available  acid  has  been  combined  with  the  active  material 
of  the  plates.  A\TiiIe  the  acid  and  the  lead  combine  with  each  other 
in  definite  proportions  in  producing  the  current  on  discharge,  it  is 
naturally  not  piiMsihle  to  provide  tliera  in  siicli  quantities  that  both 
are  wholly  exhausted  when  the  cell  is  fully  discharged.  Toward  the 
end  of  the  discharge,  the  electroljie  becomes  so  weak  that  it  is  no 
longer  capable  of  producing  current  at  a  rate  sufficient  for  any 
practical  purpose.  For  this  reason,  an  amount  of  acid  in  excess  of 
that  actually  used  in  the  plates  during  discharge  is  provided,  Thb 
likewise  true  of  tlie  active  material. 
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ually  overcharged  and  may  need  the  addition  of  water  to  the  elec- 
trolj-te  as  often  as  every  three  da>'s,  wheretis,  in  ordinary  service, 
once  a  week  would  be  sufficient.  Even  with  intermittent  use,  the 
battery  shoul<l  not  be  allowed  to  run  more  than  two  weeks  without 
an  inspection  of  the  level  of  the  electrolyte  and  the  addition  of 
distilled  water,  if  necessary.  Distilled  water  is  always  specified, 
since  the  presence  of  impurities  in  the  water  would  be  harmful  to 
the  battery,  this  being  particularly  the  case  where  they  take  the 
form  of  iron  salts.  Where  it  is  not  convenient  to  procure  distilled 
or  rain  water  in  sufficient  quantities,  samples  of  the  local  water  sup- 
ply may  be  submitted  to  any  battery  manufacturer  for  analysis. 

While  it  is  necessary  to  maintain  the  electrolyte  one-half  inch 
over  the  plates,  care  must  be  taken  not  to  exceed  this,  for,  if  filled 
above  this  level,  the  battery  will  flood  when  charged,  owing  to  tiie 
expansion  with  the  Intreasinp  temperature.  The  best  time  for  adding 
water  is  just  before  the  cnr  is  to  bo  takrn  out  for  several  hniirs  of  use. 
It  maj'  be  done  most  conveniently  with  a  glass  and  rubber  syringe 
of  the  t\pe  used  with  the  hydrometer.  Care  should  be  taken  when 
washing  the  car  to  see  that  no  water  is  allowed  to  enter  the  battery 
box,  as  it  is  likely  to  short-circuit  the  cells  across  their  lead  connectors 
and  to  carry  impurities  into  the  cells  themselves. 

Adding  Acid.  When  the  le\'el  of  the  electrolj'te  in  the  cell 
becomes  low,  it  is,  under  normal  conditions,  caused  by  the  evaporation 
of  the  water,  and  this  loss  should  be  replaced  with  water  only.     Tliere 
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Edison  Cell  Not  Available.  It  will  be  ooted  that  the  foregoing 
description  has  been  confined  entirely  to  the  lead-plate  type  of  storage 
battery  and  that  no  mention  has  been  made  of  the  Edison  cell.  The 
latter  is  not  available  for  starting  service  on  the  automobile,  because 
its  internal  resistance  is  too  high  to  permit  the  extr«nely  heavj 
discharge  rate  that  is  necessarj-.  In  extremely  cold  weather  or  when 
the  engine  is  unusually  atitF  for  other  reasons,  thb  may  be  as  bigl: 
as  300  amperes  momentarily,  while,  under  ordinary  conditions,  il 
will  reach  150  to  200  amperes  at  the  moment  of  closing  the  switch 
The  efficiency  of  the  Edison  cell  also  drops  off  very  markedly  in  cole 
weather,  though  this  u 
also  true  to  a  lesser  extent 
of   the   lead-plate  t^-pe 

CARE  OF  THE  BATTERU 

The  following  in- 
structions are  given 
about  in  the  order  ii 
which  it  is  necessary  tc 
apply  them  in  the  care  ol 
a  storage  battery. 

Adding  Distilled 
Water.  In  order  to  func- 
tion properly,  the  plate! 
in  the  cells  must  be  co\'- 
ered  by  the  electrolj'te  al 
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all  times  to  a  depth  of  half  an  inch.  Fig.  385  shows  a  handy  method  ol 
determining  this  dcflaitely.  A  small  piece  of  glass  tube,  open  at  both 
ends,  is  inserted  in  the  vent  hole  of  the  battery  until  it  rests  on  the  top; 
of  the  plates.  A  finger  is  then  pressed  tightly  on  top  of  the  upper  end 
of  tile  tube,  and  the  tube  is  withdrawn.  It  will  bring  with  it  at  its 
lower  end  an  amount  of  acid  equivalent  to  the  depth  over  the  plates 
This  shonli]  always  be  returned  to  the  same  cell  from  which  it  was 
taken.  The  electrolyte  consists  of  sulphuric  acid  and  water.  Tht 
acid  (ides  nut  evaporate,  but  the  water  does.  The  rapidity  wit! 
which  the  water  evaporates  will  depend  upon  the  conditions  of  charg- 
ing. For  example,  if  a  car  is  constantly  driven  on  long  day  runs  and 
gets  very  little  night  use,  vVe  %\ot9.i(p\i».\.\ftra  \%\<tt!^-j  \s>\»t  .a^^ia 
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teat  the  roiiditioii  of  the  cells  with  the  hydrometer.  This  is  tennec 
taking  the  spi-cific  Rravity  and  is  one  of  the  most  important  test 
in  eonncetion  witli  the  care  of  the  battery.  The  specific  gmvity  ol 
a  liquid  is  detonnined  by  means  of  an  instniment  oonaistiiig  of  i 
weighted  glass  tube  having  a  scale  marked  on  it.  This  instrument  i: 
the  hydrometer,  and  in  distilled  water  at  60  degrees  it  should  sind 
until  the  scale  comes  to  rest  at  the  surface  of  the  liquid  at  the  diviaoi] 
],IMK).  The  lighter  the  liquid,  the  further  the  instrumeot  will  mil 
in  it;  the  heavier  the  liquid,  the'higher  the 
instrument  will  float.  For  constant  use  in 
connection  with  the  care  of  lifting  and 
starting  batteries,  the  hydrometer  shown  in 
Fig.  .386  will  be  found  the  most  convenient, 
Where  the  battery  is  located  on  the  run- 
ning board  of  the  car,  the  test  may  be  made 
without  removing  the  s^iinge  from  the  cell, 
hut  care  must  be  taken  to  hold  it  vertical 
to  prevent  the  hydrometer  from  sticking  to 
the  sides  of  the  glass  barrel.  Wherever  pos- 
sible, the  reading  should  be  made  without 
removing  the  syringe  from  the  vent  hole  ol 
the  cell,  so  that  the  electrolj'te  thus  with- 
drawn may  always  be  retvmed  to  the  aamt 
crll.  Where  the  battery  is  located  in  a  posi- 
tiiui  difficult  of  access,  as  under  the  flooi 
lx)urds,  the  syringe  may  be  drawn  full  ol 
clwtrolyte  and  then  lifted  out;  as  the  sofi 
rubber  plug  in  the  bottom  of  the  glass  barre 
Fi"  :•■«-■  .•'MiiicTiT'^n,-  '^  '"  ^'"^  ^*''™  °f  *  trap,  when  the  instrU' 
'■'""■'*'  uiciit  is  held  vertical,  the  solution  will  nol 

run  out  wiiilc  the  reading  is  Iwing  taken. 

I'liiliirc  to  n-plitce  the  ck-ctndj-te  in  the  same  cell  from  whici: 
it  was  takrn  will  result  in  dcstroj'ing  the  uniformity  of  the  cells 
l-'or  cxiuii|>lf.  if  fk'ctrulytc  lias  been  withdrawn  from  cell  No.  1  ol 
tile  Iiatlery  and,  after  taking  the  reading,  it  is  put  into  cell  No.  2 
tile  autiiunt  taken  from  No.  1  must  later  bo  mode  up  by  adding  water 
ami  tile  siiliitiiiii  wilt  be  that  much  weaker,  while  the  electrolj-tt 
of  Si).  2  will  l)e  corrt;s\ion«Vu\i^\"j  staoYi^et. 
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Hydrometer  Tesla.  In  taking  ii  hjxirometer  reading,  first  see 
Aat  the  instrument  is  not  liel<i  by  the  sides  of  tlie  glass  s>Ttnge 
favrel;  then  note  the  level  of  the  instrument  in  tlie  liquid  by  looking 
■t  it  from  below,  i.e.,  hold  it  up  above  the  level  of  the  eye.  Reading 
Ae  hydrometer  in  this  way  is  found  to  give  more  accurate  results 
than  looking  down  upon  it.  While  the  hydrometer  affords  the  best 
■Dgle  indication  of  the  condition  of  the  battery — the  cells  should 
test  1.250  to  1.300  when  fully  charged  and  1.150  when  fully  dis- 
charged, below  which  point  they  should  never  be  allowed  to  go — 
Aere  are  conditions  under  which  the  instrument  may  be  entirely 
Dualeading.  For  example,  when  fresh  distilled  water  is  added  to  a 
cell  to  bring  the  solution  up  to  the  proper  level,  the  additional  water 
docs  not  actually  combine  with  the  electrolyte  until  the  cell  has 
been  on  charge  for  some  time.  Consequently,  if  a  hydrometer 
reading  were  taken  of  that  particuUr  cell  just  after  the  water  had 
bwn  added,  the  teat  would  be  misleading,  as  it  would  apparently 
■how  the  cell  to  be  nearer  the  full,\'  discharged  state  than  it  actually 
imu,  owing  to  the  low  specific  gravity  of  t!ie  electrolyte.  If,  on  the 
O&tf  hand,  fresh  electrolyte  or  pure  acid  has  been  added  to  a  cell 
jost  prior  to  taking  readings,  and  without  the  knowleilge,  of  the  tester 
the  reading  would  apparently  show  the  battery  to  be  fuUy  charged, 
wtieivas  the  reverse  might  be  the  case.  In  tliis  instance,  the  sperific 
giavity  would  be  higher  than  it  should  be.  To  determine  accurately 
the  condition  of  the  cells  in  such  circumstances,  the  hydrometer 
readings  would  have  to  be  checked  by  making  tests  with  the  volt- 
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the  cause  of  which  may  be  definitely  assigned  one  way  or  the  othei 
by  the  aid  of  the  hydrometer  is  that  "the  battery  is  not  holding 
its  charge".  Except  where  it  is  allowed  to  stand  for  long  periods 
without  use,  as  where  a  car  b  laid  up  for  a  month  or  more,  there  u 
no  substantial  decrease  in  the  capacity  simply  through  standing, 
unless  the  battery  is  allowed  to  stand  in  a  discharged  condition. 

Consequently,  the  owner's  impression  that  the  charge  of  the 
battery  is  mysteriously  leaking  away  overnight  through  some  short< 
coming  of  the  cells  themselves  is  not  correct.  If  there  is  a  fault,  il 
is  probably  in  the  wiring;  or  a  switch  may  have  been  left  on  inadvert- 
ently;  or,  as  is  very  often  the  case,  the  car  is  not  driven  long  enougl 
in  daylight  to  permit  the  generator  to  charge  the  battery  sufficiently 
When  driving  at  night  with  all  lights  on,  as  is  conmionly  the  custom 
the  generator  supplies  very  little  current  in  excess  of  that  required 
by  the  lamps.  As  a  result,  the  batterj*^  receives  but  a  fraction  oi 
its  normal  charge,  so  that  one  or  two  attempts  to  use  the  starting 
motor  exhaust  it.  A  hydrometer  test  made  just  before  using  the 
starting  motor  will  show  that  there  is  only  a  small  fraction  of  a  charge 
in  the  cells,  so  that  they  are  not  capable  of  supplying  sufficient  currenl 
to  turn  the  engine  over  longer  than  a  few  seconds.  The  hydrometei 
is  equally  valuable  in  indicating  when  a  battery  is  being  overcharged, 
though  this  is  a  condition  which  carries  its  own  indication,  known 
as  gassing,  which  is  described  in  detail  under  that  head. 

Variations  in  Readings.  Specific-gravity  readings  betweer 
1.275  and  1.300  indicate  that  the  battery  is  fully  charged;  between 
1.200  and  1.225,  that  the  battery  is  more  than  half  discharged 
between  1.150  (ind  1.200,  that  the  battery  is  quickly  nearing  a  full} 
discharged  condition  and  must  be  recharged  very  shortly,  otherwise 
injury  will  result.  Below  1.150  the  battery  is  entirely  exhausted  anc 
must  be  recharged  immediately  to  prevent  the  plates  from  becoming 
sulphated,  as  explained  in  the  section  covering  that  condition. 

Where  the  specific  gravity  in  any  cell  tests  more  than  25  points 
lower  than  the  average  of  the  other  cells  in  the  battery,  it  is  ar 
indication  that  this  cell  is  out  of  order.  Dependence  should  not  In 
placed,  however,  on  a  single  reading  where  there  is  any  question  as 
to  the  specific  gravity.  Take  several  readings  and  average  them. 
Variations  in  cell  readings  may  be  caused  by  internal  short-circuits 
in  the  cell;  by  putting  too  much  water  in  the  cell  and  causing  a  loss 
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of  electrolyte  through  flooding  or  overflowing;  or  by  loss  of  electro- 
lyte from  a  cracked  or  leaky  jar.  Internal  short-circuits  may  result 
from  a  broken  separator  or  from  an  accumulation  of  sediment  in  the 
mud  space  of  the  jars  reaching  the  bottom  of  the  plates. 

Quite  a  substantial  percentage  of  all  the  troubles  experienced 
with  starting  batteries,  which  are  only  too  often  neglected  until 
they  give  out,  is  caused  by  letting  the  electrolj-te  get  too  low  in  the 
jars.  The  effect  of  this  is  to  weaken  the  battery,  causing  it  to  dis- 
charge more  readily,  and  frequently  resulting  in  harmful  sulphating 
of  the  plates  and  injury  to  the  separators.  When  such  sulphating 
occurs,  it  permits  the  plates  to  come  into  contact  with  each  other, 
and  an  internal  short-circuit  results.  The  importance  of  always 
maintaining  the  electroh^te  one-half  inch  above  the  tops  of  the  plates 
will  be  apparent  from  this. 

One  of  the  most  frequent  causes  of  low  electrolyte  in  a  an^e 
cell  is  the  presence  of  a  cracked  or  leaky  jar.  If  one  of  the  cells 
requires  more  frequent  addition  of  water  than  the  others  to  maintain 
the  le\el  of  its  electrolyte,  it  is  an  indication  that  it  is  leaking.  Where 
all  the  cells  of  a  battery  require  the  addition  of  water  at  unusually 
short  internals,  it  is  an  indication  that  the  batter^'  is  being  constantly 
overcharged.  (See  Gassing.)  I'nless  a  leaky  jar  is  replaced 
immediately,  the  cell  itself  will  be  ruined,  and  it  may  cause  serious 
damage  to  the  remainder  of  the  battery.  Jars  are  often  broken  owing 
to  the  hold-down  bolts  or  straps  becoming  loose,  thus  allowing  the 
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care  should  be  taken  to  keep  it  constantly  in  a  charged  condition 
A  variation  in  the  temperature  also  affects  the  hydrometer  reading: 
themselves.  The  effect  of  the  temperature  on  the  hydrometer  test 
is  explained  »under  Adjusting  the  Specific  Gravity. 

Low  Cells,  When  one  cell  of  the  battery  tests  more  than  2; 
points  below  the  specific  gravity  of  the  others,  as  shown  by  th 
average  of  several  readings  taken  of  each,  it  should  be  placed  oi 
charge  separately  from  an  outside  source  of  current.  This  may  b 
done  without  removing  it  from  the  car  or  disconnecting  it  from  th 
other  cells,  since  the  charging  leads  may  be  clipped  to  its  termini 
posts.  If  no  other  facilities  are  available  and  direct-current  servic 
is  at  hand,  use  carbon  lamps  as  a  resistance  in  the  manner  illustrate 
on  another  page.  As  the  normal  charging  rate  of  the  average  startin 
battery  is  10  to  15  amperes  or  more,  that  many  32-c.p.  carbo 
filament  lamps  may  be  used  in  the  circuit.  Where  only  altematin 
current  is  available,  a  small  rectifier,  as  described  under  Chargin 
from  Outside  Sources,  will  be  found  most  convenient  in  garage 
not  having  enough  of  this  work  to  warrant  the  installation  of 
motor-generator.  After  the  low  cell  has  been  on  charge  for  an  hou 
or  two,  note  whether  or  not  its  specific  gravity  is  rising,  by  taking  i 
hydrometer  reading.  If,  after  several  hours  of  charging,  its  specifi 
gravity  has  not  risen  to  that  of  the  other  cells,  it  is  an  indicatioi 
that  there  is  something  wrong  with  the  cell,  and  it  should  be  cu 
out.     (See  Replacing  a  Jar  and  Overhauling  the  Battery.) 

Adjusting  the  Specific  Gravity.  Except  in  such  cases  as  thos 
mentioned  under  Hydrometer,  where  water  has  been  added  to  th 
electrolyte  just  before  testing,  or  electrolyte  has  been  added  withou 
the  knowledge  of  the  tester,  specific  gravity  of  the  electrolyte  is  th< 
best  indication  of  the  condition  of  the  cell,  and  the  treatment  to  b 
given  should  always  be  govern^  by  it.  As  explained  in  the  sectioi 
on  Action  on  Charge  and  Discharge,  the  acid  of  the  electrolyte  com 
bines  with  the  active  material  of  the  plates  to  produce  the  current  oi 
discharge.  The  further  the  cell  is  discharged  the  more  acid  then 
will  be  in  the  plates,  and  the  less  in  the  solution.  Consequently 
low-gravity  readings  practically  always  mean  lack  of  acid. in  tin 
solution,  and  that  implies  lack  of  charge.  Unless  there  is  something 
wrong  with  the  cell,  charging  will  restore  the  acid  to  the  electrolyt( 
and  bring  the  spec\&c-gt«*N\l^  \^^\xv^  \y^  \^  \^$^TaA^.  \s!l  ^sasfc  %.  ^^j 
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is  leaking  or  has  been  overturned  and  lost  some  ot  its  electrolyte,  no 
amount  of  charging  will  bring  its  spedfic  gravity  up  to  the  proper 
point. 

The  gravity  readings  of  the  cells  vary  somewhat  in  summer  and 
winter,  and  they  also  decrease  with  the  age  of  the  plates,  but  the 
battery  will  continue  to  give  good  service  as  long  as  its  specific 
gravity  rises  to  between  1.250  and  1.300  when  fully  charged.  Incase 
it  rises  above  1 .300,  there  is  an  indication  that  excess  acid  has  been 
added  to  the  electrolyte,  and  this  must  be  corrected  by  drawing  off 
some  of  the  electrolyte  with  the  syringe  and  replacing  it  with  distilled 
water.  A  gradually  decreasing  specific  gravity  in  all  the  cells 
of  a  battery  is  an  indication  that  sediment  is  accumulating  in  the 
bottom  of  the  jars  and  that  the  battery,  if  of  the  old  type  with 
low  mud  space,  requires  washing;  if  of  the  later  type  with  high 
mad  space,  that  its  elements  require  renew^.  Before  accepting 
this  conclusion,  however,  make  certain  that  the  low  reading  is  not 
due  to  insufficient  chaiging.  In  actual  practice,  starter  batteries 
seldom  remain  long  enough  in  service  without  overhauling  ever 
to  need  washing. 

Many  starter  batteries  are  kept  in  an  undercharged  condition 
90  constantly,  owing  to  frequent  use  of  the  starting  motor  with  but 
sliort  periods  of  driving  in  between,  that  they  should  Iw  put  on 
charge  from  an  outside  source  at  regular  intervals.  In  fact,  this 
is  the  only  method  of  determining  definitely  whether  the  battery 
itself  is  really  at  fault  or  whether  it  is  the  unfavorable  conditions 
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The  necessity  for  adjusting  the  specific  gravity  of  the  electrolyte 
in  a  cell  can  only  be  determmed  by  first  bringing  it  to  its  true  maxi- 
mum. To  do  this  with  a  starter  battery,  it  must  be  put  on  charge 
from  an  outside  source  at  a  low  rate,  say  5  amperes,  and  kept  on 
charge  continuously  until  tests  show  that  the  iq)ecific  gravity  of 
the  electrolyte  has  ceased  to  rise.  This  may  take  more  than  twenty* 
four  hours,  and  readings  should  be  taken  every  hour  or  so,  toward 
the  end  of  the  charge.  Should  the  battery  begin  to  gas  violently 
while  tests  show  that  the  specific  gravity  is  still  rising,  the  charging 
current  should  be  reduced  to  stop  the  gassing,  or,  if  necessary, 
stopped  altogether  for  a  short  time  and  then  renewed. 

If  after  this  prolonged  charge,  the  specific  gravity  is  not  more 
than  25  points  below  normal,  some  of  the  solution  may  be  drawn 
off  with  the  syringe  and  replaced  with  small  quantities  of  1.300 
electrolyte,  which  should  be  added  very  gradually  to  prevent  bring- 
ing about  an  excess.  Should  the  specific  gravity  be  too  high  at 
the  end  of  the  charge,  draw  off  some  of  the  electrolyte  and  replace 
it  with  distilled  water  to  the  usual  level  of  one-half  inch  over  the 
plates.  A  charge  of  this  kind  is  usually  referred  to  as  a  conditioning 
charge  and,  given  once  a  month,  will  be  found  very  greatly  to 
improve  starter  batteries  that  are  constantly  undercharged  in  service. 

Temperature  Corrections.  All  specific-gravity  readings  mentioned 
are  based  upon  a  temperature  of  70°  F.  of  the  electrolyte,  and  as 
the  electrolyte,  like  most  other  substances,  expands  with  the  heat 
and  contracts  with  the  cold,  its  specific  gravity  is  affected  by  variations 
of  temperature.  This,  of  coiu-se,  does  not  affect  its  strength,  but 
as  its  strength  is  judged  by  its  specific  gravity,  the  effect  of  the 
temperature  must  be  taken  into  consideration  when  making  the  tests. 
The  temperature  in  this  connection  is  not  that  of  the  siurounding 
air  but  that  of  the  electrolyte  itself,  and  as  the  plates  and  solution 
of  a  battery  increase  in  temperature  under  charge,  the  electrolyte 
may  be  70°  F.  or  higher,  even  though  the  outside  air  b  close 
to  zero.  Consequently,  the  only  method  of  checking  this  factor 
accurately  is  to  insert  a  battery  thermometer  in  the  vent  hole  of  the 
cell.  If,  on  the  other  hand,  the  battery  has  been  standing  idle  for 
some  time  in  a  cold  place,  the  electrolyte  has  the  same  temperature 
as  the  surrounding  air,  and  a  hydrometer  reading  taken  without 
a  temperature  correction  would  be  very  misleading. 
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For  example,  assume  that  the  car  is  standing  in  a  bam  in  which 
the  temperature  is  20°  F.  and  that  it  has  not  been  running  for  some 
time  90  that  the  electrolj'te  is  as  cold  as  the  surrounding  air.  A 
hydrometer  reading  shows  the  specific  gravity  of  the  electrolyte  to 
be  1.265,  which  would  indicate  that  the  battery  was  approximately 
fully  charged.  But  the  correction  for  temperature  amounts  to  one 
point  (.001)  for  each  three  degrees  above  or  below  70°  F.,  and  in  this 
case  a  difference  of  50  degrees  would  have  to  be  allowed  for.  This 
amounts  to  practically  18  points,  and  the  specific  gravity  of  the 
cells  is  1.265  minus  18,  or  1.247.  The  battery  is  accordingly  three- 
quarters  charged,  instead  of  fully  charged  as  the  uncorrected  reading 
would  appear  to  indicate.  The  electrolyte  contracts  with  the  drop 
in  temperature,  and  its  specific  gravity  becomes  correspondingly 
higher  without  any  actual  increase  in  its  strength.  The  opposite 
condition  will  be  found  when  the  battery  has  commenced  to  gas 
so  violently  that  the  temperature  of  the  electrolyte  is  raised  to 
100°  to  105°  F.  At  the  former  figure  there  would  be  a'difference 
of  30  degrees,  or  10  points,  to  allow  for,  in  which  case  a  specific  gravity 
reading  of  1.265  would  actually  be  1.275.  Hydrometer  scales,  with  a 
a  temperature  scale  showing  at  a  glance  the  corresponding  correction 
ntcesfltiry,  simplify  the  tank  of  correotinp  the  readings;  but  to  do 
this  properly  a  battery  thermometer  must  be  employed,  as  the 
temperature  of  the  electrolj-te  itself  is  the  only  factor  to  be  considered. 

Gassing.     When  an  electric  current  is  sent  through  a  storage- 
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a  point  is  reached  at  which  there  b  no  longer  sufficient  sulphate 
remaining  to  utilize  all  the  current  that  b  passing  through  the  cell. 

The  excess  current  will  then  begin  to  do  the  next  easiest  thing, 
which  is  to  decompose  the  water  of  the  electrolyte  and  liberate 
hydrogen  gas.  This  gassing  is  not  owing  to  any  defect  in  the  battery, 
as  some  owners  seem  to  think,  but  is  simply  the  result  of  over- 
charging it.  In  one  instance,  a  car  owner  condemned  the  starting 
battery  with  which  his  machine  was  equipped,  for  the  reason  that 
it  was  "always  boiling".  In  fact,  it  "boiled"  itself  to  pieces  and 
had  to  be  replaced  by  the  manufacturer  of  the  car  after  only  a  few 
months  of  service;  while,  as  a  matter  of  fact,  the  conditions  under 
which  the  car  was  driven  were  wholly  responsible.  It  was  used  for 
long  runs  in  the  day  time  with  infrequent  stops,  and  was  rarely  run 
at  night;  therefore,  the  battery  was  continually  charging  but  seldom 
had  an  opportunity  to  discharge. 

This  erroneous  impression  is  also  closely  interlinked  with  another 
that  is  equally  common  and  equally  harmful.  This  is  that  one  of 
the  functions  of  the  battery  cut-out  is  to  break  the  circuit  and  prevent 
the  •battery  from  becoming  overcharged.  It  b  hardly  necessary 
to  add  that  this  is  not  one  of  its  functions,  but  that  as  long  as  the  gen- 
erator is  being  driven  above  a  certain  speed,  the  cut-out  will  keep  the 
battery  in  circuit,  and  the  generator  will  continue  to  charge  it.  Its 
only  purpose  is  to  prevent  the  battery  from  discharging  itself  through 
the  generator  when  the  speed  of  the  generator  falls  to  a  point  where 
its  voltage  would  be  overcome  by  that  of  the  battery  unless  the 
battery  were  automatically  disconnected.  The  cut-out  does  not 
protect  the  battery  from  being  overcharged;  only  the  driver  or  the 
garage  man  can  do  that  by  noting  the  conditions  under  which  the 
car  is  operated  and  taking  precautions  to  prevent  the  battery 
from  overcharging. 

Gassing  is  simply  an  indication  that  too  much  current  is  being 
sent  into  the  battery.  Another  indication  of  the  same  condition 
is  the  necessity  for  refilling  the  cells  with  distilled  water  at  very 
short  intervals,  as  an  excess  charge  raises  the  temperature  of  the 
electrolyte  and  causes  rapid  losses  by  evaporation.  That  is  the 
reason  why  it  is  likely  to  be  so  harmful  to  the  battery  unless  remedied, 
as  if  allowed  to  exceed  110*^  F.,  the  active  material  b  likely  to  be  forced 
<  ^  ^  the  grids,  and  lYve  wJia  \»  Vifc  T\mied.    While  it  b  essential 
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that  the  battery  be  fully  charged  at  intervals  and  that  it  be  always 
kept  well  charged,  continuously  overcharging  it  is  likely  to  be  as 
harmful  as  allowing  it  to  stand  undercharged.  Where  the  conditions 
of  service  cannot  be  altered  to  remedy  the  trouble,  the  regulator 
of  the  generator  should  be  adjusted  to  lower  the  charging  rate,  or, 
if  nothing  else  will  suffice,  additional  resistance,  controlled  by  an 
independent  switch,  may  be  inserted  in  the  charging  circuit.  (The 
U.S.L.  system  has  a  provision  to  safeguard  the  battery  against 
overcharge,  termed  the  touring  switch.) 

Higher  Charge  Needed  in  Cold  Weather.  While  the  regulator 
of  the  generator  is  set  by  the  manufacturer  to  give  the  best  average 
results,  and  some  makers  warn  the  user  against  altering  its  adjustment, 
experience  has  demonstrated  that  a  fixed  adjustment  of  the  regulati(Mi 
will  not  suffice  for  cars  driven  under  all  sorts  of  service  conditions, 
nor  for  the  same  car  as  used  at  different  seasons  of  the  year.  The 
efficiency  of  the  storage  battery  is  at  its  lowest  in  cold  weather, 
which  is  the  time  when  the  demand  upon  it  is  greatest.  A  battery 
that  would  be  constantly  overcharged  during  the  summer  may  not 
get  more  than  sufficient  current  to  keep  it  properly  charged  in 
winter,  though  driven  under  similar  conditions  in  both  seasons. 
On  the  other  hand,  a  battery  that  is  generally  undercharged  under 
summer  conditions  of  driving  will  be  practically  useless  in  winter, 
as  it  will  not  have  sufficient  current  to  meet  the  demands  upon  it. 

It  may  be  put  down  as  a  simple  and  definite  rule  that  if  the 
battery  of  a  starting  system  never  reaches  the  gassing  stage,  it 
is  constantly  undercharged  and  is  rapidly  losing  its  efficiency,  as 
the  sulphate  remaining  on  the  plates  becomes  harder  with  age 
and  prevents  the  circulation  of  the  electrolyte.  Even  when  in  the 
best  condition,  the  electrolyte  cannot  reach  all  of  the  active  material 
in  the  plates,  so  that  any  reduction  means  a  serious  falling  off.  Like- 
wise, when  a  battery  is  constantly  gassing,  it  is  in  a  continuous 
state  of  overcharge  and  is  apt  to  be  entirely  ruined  in  a  comparatively 
short  time.  The  danger  from  undercharging  is  known  as  sulphat- 
ing — the  plates  become  covered  with  a  hard  coating  of  lead  sulphate 
that  the  electrolyte  cannot  penetrate — while  that  from  overcharging 
is  due  to  the  electrolyte  and  the  plates  reaching  a  dangerous  tempera- 
ture (105^  F.  or  over)  at  which  the  active  material  is  apt  to  V^^\x\^^^$r&. 
from  the  grids.    The  conditions  of  service,  on  titio  ^v«wj^<b^  ^xfc  «>MSa. 
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that  a  battery  can  seldom  be  kefit  in  good  oondition  for  any  length 
of  time  on  the  dunging  current  tram  the  generator  alone. 

The  hydrometer  should  be  used  frequently  to  keep  tzad^  of 
its  condition  and,  at  least  once  a  mcmth,  it  should  be  given  a  long 
conditioning,  or  equalizing,  charge,  as  it  b  variously  termed. 
This  charge  is  required  because  of  the  fact  that,  under  wdinary 
conditions,  a  batter>'  sddom  receives  a  complete  diarge  and  that 
ever>'  time  it  is  discharged  -without  this  being  followed  by  a  diarge 
which  is  prolonged  until  the  electrcd^'te  has  readied  its  maximum 
specific  gra\it>%  more  lead  sulfate  accumulates  in  the  plates.  The 
object  of  the  long  diarge  b  to  convert  thb  kad  sulfate  into  peroxide 
of  lead  at  the  positive  plate  and  into  ^x>ngy  metallic  lead  at  the 
n^ative  plate,  as  explained  further  under  the  head  of  Sulphating. 

Sulphating.  At  the  end  of  a  disdiarge,  both  sets  of  plates 
are  covered  with  lead  sulphate.  Thb  convoaoncrf  the  active  material 
of  the  plates  into  lead  sulphate,  which  takes  place  during  the  disdiarge, 
is  a  normal  reaction  and,  as  such,  occasions  no  damage.  But  if  the 
celk  are  allowed  to  stand  for  any  length  of  time  in  a  discharged 
condition,  the  sulphate  not  only  continues  to  increase  in  bulk,  but 
becomes  hard.  It  b  also  likely  to  turn  white,  so  that  white  spots 
on  the  plates  of  a  batter>'  when  it  b  dismantled  are  an  indication  that 
the  celb  have  been  neglected.  In  thb  condition,  the  plates  have 
lost  their  porosity  to  a  certain  extent  and  it  b  correspondingly 
more  difficult  for  the  charging  current  to  penetrate  the  active  material. 
When  a  battery  has  stood  in  a  discharged  condition  for  any  length 
of  time,  it  becomes  sulphated.  The  less  current  it  has  in  it  at  the 
time  and  the  longer  it  stands,  the  more  likdy  it  b  to  be  seriously 
damaged. 

Where  a  car  b  used  but  little  in  the  da^'time,  and  then  only  j 
for  short  runs  with  more  or  less  frequent  stops,  the  battery  never 
has  an  opportunity  to  become  fully  charged.  The  demands  of  the 
starting  motor  and  the  lights  are  such  that  the  battery  b  never 
more  than  half  charged  at  any  time.  Consequently,  there  b  always 
a  certain  proportion  of  the  lead  sulphate  that  b  not  reconverted, 
but  which  remains  constantly  in  the  plates.  As  already  mentioned, 
this  condition  does  not  remain  stationary;  the  sulphate  increases 
in  amount  and  the  older  portions  of  it  harden.  Thb  represents 
of  capacity  ^\ue\i  ^«!^^  i^dJdVi^  «l  \ioint  where  the  ceUs  are 
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no  longer  capable  of  supplying  sufficient  current  (holding  enough 
of  the  charge,  as  the  owner  usually  puts  it)  to  operate  the  starting 
motor.  A  battery  that  has  been  operating  under  conditions  of  this 
kind  is  not  prepared  for  the  winter's  service,  which  accounts  for 
the  great  number  of  complaints  about  the  poor  service  rendered 
by  starting  systems  in  the  early  part  of  every  winter.  As  long  as 
the  weather  is  warm,  the  battery  continues  to  supply  sufficient 
current  in  spite  of  the  abuse  to  which  it  is  subjected,  but  when 
cold  weather  further  reduces  its  efficiency,  it  is  no  longer  able  to 
meet  the  demand. 

The  only  method  of  preventing  this  and  of  remedying  it  after 
it  has  occurred  is  the  equalizing  charge  mentioned  in  the  previous 
section.  Long  continued  and  persistent  charging  at  a  low  rate 
will  cure  practically  any  condition  of  sulphate,  the  time  necessary 
being  proportionate  to  the  degree  to  which  it  has  been  allowed  to 
extend.  It  is  entirely  a  question  of  time,  and,  as  a  high  rate  would 
only  produce  gassing,  which  would  be  a  disadvantage,  the  rate  of 
charge  must  be  low.  In  case  the  cells  show  any  signs  of  gassing, 
the  charge  must  be  further  reduced. 

Extra  Time  Necessary  for  Charging.  The  additional  length  of 
time  necessary  for  charging  a  battery  that  has  been  constantly 
kept  in  an  undercharged  condition  is  strikingly  illustrated  by  the 
Following  test  made  with  an  electric  vehicle  battery:  The  cells 
were  charged  to  the  maximum,  and  the  specific  gravity  regulated 
to  exactly  1.275  with  the  electrolyte  just  i  inch  above  the  tops  of 
the  plates,  this  height  being  carefully  marked.  The  battery  was 
then  discharged  and  recharged  to  L265  at  the  normal  rate  in  each 
case.  The  specific  gravity  rose  from  1.265  to  1.275  during  the  last 
hour  and  a  half  of  the  charge.  During  the  following  twelve  weeks, 
the  battery  was  charged  and  discharged  daily,  each  charge  being 
only  to  1.265,  thus  leaving  10  points  of  acid  still  in  the  plates.  At 
the  end  of  the  twelve  weeks,  the  charge  was  continued  to  determine 
the  time  required  to  regain  the  10  points  and  thus  restore  the  specific 
gravity  to  the  original  1.275.  Eleven  hours  were  needed,  as  compared 
with  the  hour  and  half  needed  at  first.  This  test  further  illustrates 
why  it  is  necessary  to  give  a  battery  an  occasional  overcharge  or 
equalizing  charge  to  prevent  it  becoming  sulphated.  Had  the  battery 
in  question  been  charged  daily  to  its  maixmiwm  ol  \  .11  v>  ^tA^x^i^^^^^^ 
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to  the  same  extent  during  the  twelve  weeks,  9i  hours  of  the  last 
charge  would  have  been  saved.  These  periods  of  time,  of  course, 
refer  to  the  charging  of  the  electric-vehicle  battery,  but  they  indicate 
in  a  corresponding  manner  the  loss  of  efficiency  suffered  by  the  start- 
ing batter>'  owing  to  its  being  continually  kept  in  an  undercharged 
condition. 

Restoring  Sulphated  Battery.  There  are  only  three  ways  ii 
which  a  battery  may  become  sulphated:  The  first  and  most  common 
of  these  is  that  it  has  not  been  properly  charged;  second,  excess 
acid  has  been  added  to  the  electrolyte;  third,  an  individual  cell 
may  become  sulphated  through  an  internal  short-circuit  or  by  drying 
out,  as  might  be  caused  by  failure  to  replace  evaporation  witt 
water,  or  failure  to  replace  promptly  a  cracked  jar.  The  foregoing 
only  holds  good,  however,  where  the  sediment  has  not  been  allowed 
to  reach  the  bottom  of  the  plates,  and  where  the  level  of  the  electrolyti 
has  been  properly  maintained  by  replacing  evaporation  witl 
distilled  water. 

To  determine  whether  a  battery  is  sulphated  or  not — ^it  having 
been  previously  ascertained  that  it  does  not  need  cleaning  (washing)— 
it  should  be  removed  from  the  car  (the  generator  should  not  be  run 
with  the  battery  off  the  car  without  complying  with  the  manufac- 
turer's instructions  in  each  case,  usually  to  short-circuit  or  bridge 
certain  terminals  on  the  generator  itself)  and  given  an  equalizing 
charge  at  its  normal  rate.  The  normal  rate  will  usually  be  found 
on  the  name  plate  of  the  battery.  If  the  battery  begins  to  gas  at 
this  rate,  the  rate  must  be  reduced  to  prevent  gassing,  and  lowered 
further  each  time  the  cells  gas.  Frequent  hydrometer  readings  should 
be  taken,  and  the  charge  should  be  continued  as  long  as  the  specific 
gravity  continues  to  increase.  A  battery  is  sulphated  only  when  there 
is  acid  retained  in  the  plates.  When  the  specific  gravity  reaches 
its  maximum,  it  indicates  that  there  is  no  more  sulphate  to  be  acted 
upon,  since,  during  the  charge,  the  electrolyte  receives  acid  from 
no  other  source.  With  a  badly  sulphated  battery,  the  charge  should 
be  continued  until  there  has  been  no  further  rise  in  the  specific 
gravity  of  any  of  the  cells  for  a  period  of  at  least  twelve  hours.  Main- 
tain the  level  of  the  electrolyte  at  a  constant  height  by  adding  pure 
water  after  each  test  with  the  hydrometer  (if  water  were  added  just 
ing  readings,  the  water  would  rise  to  the  top  of  the  solution 
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and  the  reading  would  be  valueless).  With  a  battery  on  a  long 
diarge,  the  battery  thermometer  should  be  used  at  intervals  to  check 
the  temperature  of  the  electrolyte,  and  the  hydrometer  readings 
diould  be  corrected  in  accordance  with  the  temperature. 

Specific  Qravlty  too  High.  Should  the  specific  gravity  of  any 
of  the  cells  rise  above  1 .300,  draw  off  the  electrolyte  down  to  the  top 
of  the  plates  and  put  in  as  much  distilled  water  as  possible  without 
flooding  the  cell.  Continue  the  charge  and,  if  the  specific  gravity 
■gain  exceeds  1 .300,  this  indicates  that  acid  has  been  added  during  the 
previous  operation  of  the  battery.  The  electrolyte  should  then  be 
emptied  out  and  replaced  with  distilled  water  and  the  charge  con- 
tinued. The  battery  can  only  be  considered  as  restored  to  efficient 
working  condition  when  there  has  been  no  rise  in  the  specific  gravity 
of  any  of  the  cells  during  a  period  of  at  least  twelve  hours  of  coutinu- 
Dus  charging.     . 

Upon  completion  of  the  treatment,  the  specific  gravity  of  the 
?lectroI>-te  should  be  adjusted  to  its  proper  value  of  1.280,  using 
Jistilled  water  or  1.300  acid,  as  necessary.  In  cases  where  one  cell 
tias  become  sulphated  while  the  balance  of  the  battery  is  in  good 
:^oudition,  it  is  usually  an  indication  that  there  b  a  short-cireuit  or 
other  internal  trouble  in  the  cell,  though  this  does  not  necessarily 
follow.  To  determine  whether  or  not  it  is  necessary  to  dismantle 
the  cell,  it  may  first  be  subjected  to  a  prolonged  charge,  as  above 
described.     If  its  spetific  gravity  rises  to  the  usual  maximum,  the 
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reading  of  all  the  ceUs  being  within  at  least  25  points  of  eadi  other, 
sulphating  may  be  avoided  entirely. 

Internal  Damage.  This  trouble  is  usually  caused  by  a  short 
circuit,  owing  either  to  an  accumulation  of  sediment  reaching  th 
plates  or  to  the  breaking  of  a  separator,  which  may  be  caused  by  tli 
active  material  being  forced  out  of  the  grid,  usually  termed  buddin] 
which  is  caused  by  overheating.  It  is  important  to  be  able  to  dete 
mine  whether  or  not  the  low  efficiency  of  a  certain  cell  is  caused  I 
internal  trouble  without  having  to  dismantle  the  cell.  Tlie  repa 
man's  most  important  aid  for  this  class  of  work  is  the  high-grac 
portable  voltmeter  mentioned  in  connection  with  other  tests  of  tl 
starting  and  lighting  system. 

Voltage  Tests.  Under  some  conditions,  the  voltmeter  will  ah 
indicate  whether  the  battery  is  practically  discharged  or  not,  bu 
like  the  hydrometer,  it  should  not  be  relied  upon  alone.  To  insui 
accuracy,  it  must  be  used  in  conjunction  with  the  hydromete 
Since  a  variation  as  low  as  .1  (one-tenth)  volt  makes  considerabi 
difFerence  in  what  the  reading  indicates  regarding  the  condition  ( 
the  battery,  it  will  be  apparent  that  a  cheap  and  inaccurate  voltmet< 
would  be  a  detriment  rather  than  an  aid.  The  instrimient  illustrate 
in  connection  with  tests  of  other  parts  of  starting  and  lighting  systen 
(see  Delco)  is  of  the  t>T)e  required  for  this  service.  Complei 
instructions  for  its  use  will  be  received  with  the  instrument,  and  the 
must  be  followed  very  carefully  to  avoid  injuring  it.  For  exampl 
on  the  three-volt  scale,  but  one  cell  should  be  tested;  attemptii 
to  test  the  voltage  of  more  than  one  cell  on  this  scale  is  apt  to  bui 
out  the  three-volt  coil  in  the  meter.  The  total  voltage  of  the  numlx 
of  cells  to  be  tested  must  never  exceed  the  reading  of  the  particult 
scale  being  used  at  the  time;  otherwise,  the  coil  of  the  scale  in  questio 
will  suffer,  and  the  burning  out  of  one  coil  will  make  it  necessar 
to  rebuild  the  entire  instrument. 

Clean  Contacts  Necessary.  Where  the  voltage  to  be  tested  i 
so  low,  a  very  slight  increase  in  the  resistance  will  affect  it  considerabi 
and  thus  destroy  the  accuracy  of  the  reading.  Make  certain  tha 
^he  place  on  the  connector  selected  for  the  contact  point  is  clea 
anci  bright,  and  press  the  contact  down  on  it  firmly.  To  insure 
clean  bright  contact  point,  use  a  fine  file  on  the  lead  connectoi 
The  contact  wiW  be  Voiptov^V^  ^\i%^^\&^\.\(d\\5^a.VJa^  ^msks 
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Even  a  thin  film  of  dirt  or  a  weak  contact  will  increase  the  resistance 
to  a  point  where  the  test  is  bound  to  be  misleading.  The  positive 
tominal  of  the  voltmeter  must  be  brought  into  contact  with  the  posi- 
tive terminal  of  the  battery,  and  the  n^;ative  terminal  of  the  volt- 
meter with  the  negative  of  the  battery.  If  the  markings  of  the  cell 
terminals  are  indistinct,  connect  the  voltmeter  across  any  one  cell. 
In  case  the  pointer  butts  up  against  the  atop  at  the  left  instead  of 
pving  a  reading,  the  connections  are  wrong  and  should  be  reversed; 
if  the  instnmient  shows  a  reading  for  one  cell,  the  positive  terminal 
of  the  voltmeter  is  in  contact  with  the  positive  of  the  battery.  This 
test  can  be  made  with  a  voltmeter  without  any  risk  of  short-circuiting 
the  cell,  as  the  voltmeter  is  wound  to  a  high  resistance  and  will  pass 
Very  little  current.  Connecting  an  ammeter  directly  across  a  cell,  how- 
ever, would  short-circuit  it  and  instantly  burn  out  the  instrument. 

How  to  Take  Readings.  It  is  one  of  the  peculiarities  of  the 
storage  cell  that  when  on  "open  circuit",  i.e.,  not  connected  in 
circuit  with  a  load  of  any  kind,  it  will  always  show  approximately 
two  volts,  regardless  of  whether  it  is  almost  fully  charged  or  almost 
the  reverse.  Consequently,  voltage  readings  taken  when  the  battery 
is  on  open  circuit,  i.e,,  neither  charging  nor  discharging,  are  valueless, 
axept  when  a  cell  is  out  of  order.  Therefore,  a  load  should  be  put 
on  the  battery  before  making  these  tests.  This  can  be  done  by 
twitching  on  all  the  lamps.  With  the  lights  on,  connect  the  volt- 
meter, as  already  directed,  and  test  the  individual  cells.  If  the 
liatterv  is  in  goo<l  condition,  the  voltage  reailings.  after  the  load 
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when  any  batten'  trouble  is  suspected.  Tlien  test  again  with  tt 
voltmeter.  If  the  voltage  of  eadi  odl  does  not  rise  to  iq^roximatel 
two  volts  after  the  batter>'  has  been  on  charge  for  tea  minutes  < 
more,  it  is  an  indication  of  internal  trouble  whidi  can  be  remedie 
only  by  dismantling  the  cell.    (See  instructions  under  that  heading 

Temp^ature  Variations  in  Voltage  Test  When  making  voltaj 
tests,  it  must  be  borne  in  mind  that  the  voltage  of  a  ccid  battery  ris< 
slightly  above  normal  on  charge  and  falls  below  normal  on  discharg 
The  reverse  is  true  of  a  warm  battery  in  hot  weath^,  i.e.,  the  voltaj 
will  be  slightly  less  than  normal  on  charge  and  hi^er  than  normi 
on  discharge.  As  explained  in  connection  with  hydrometer  test 
of  the  electrolyte,  the  normal  temperature  of  the  electrol3ie  ma 
be  regarded  as  70°  F.,  but  this  refers  only  to  the  temperature  c 
the  liquid  itself  as  shown  by  the  battery  thermometer,  and  not  t 
the  temperature  of  the  surrounding  air.  For  the  purpose  of  simp! 
tests  for  condition,  voltage  readings  on  discharge  are  preferabk 
as  variations  in  readings  on  charge  mean  little  except  to  one  expe 
rienced  in  the  handling  of  storage  batteries. 

Joint  Hydrometer  and  Voltmeter  Tests.  A3  ahready  explainer 
above,  neither  the  hydrometer  nor  the  voltmeter  reading  aloni 
can  always  be  taken  as  conclusive  evidence  of  the  condition  of  th 
battery.  There  are  conditions  under  which  one  must  be  supple 
mented  by  the  other  to  obtain  an  accurate  indication  of  the  stat 
of  the  battery.  In  making  any  of  the  joint  tests  described  belo^ 
it  is  important  to  take  into  consideration  the  four  points  following 

(1)  The  effect  of  temperature  on  both  voltage  and  hydromete 
readings. 

(2)  Voltage  readings  should  be  taken  only  with  the  batter; 
discharging,  as  voltage  readings  on  an  idle  battery  in  good  conditio) 
indi(?&te  little  or  nothing. 

(3)  Never  attempt  to  use  the  starting  motor  to  supply 
discharge  load  for  the  battery,  because  the  discharge  rate  of  th 
battery  is  so  high  while  the  starting  motor  is  being  used  that  evei 
in  a  fully  charged  battery  it  will  cause  the  voltage  to  drop  rapidl} 

(4)  The  voltage  of  the  charging  current  will  cause  the  voltag 
of  a  battery  in  good  condition  to  rise  to  normal  or  above  the  momen 
it  is  placed  on  charge,  so  that  readings  taken  under  such  circumstance 
are  not  a  "good  indication  of  the  condition  of  the  battery. 
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In  any  battery  which  is  in  good  condition,  the  voltage  of  each 
cell  at  a  normally  low  discharge  rate,  i.e.,  5  to  10  amperes  for  a  starter 
battery  of  the  G-volt  type  or  slightly  less  for  a  higher  voltage  battery, 
will  remain  between  2.1  and  1.9  volts  per  cell  until  it  begins  to 
approach  the  discharged  condition.  A  voltage  of  less  than  1.9  volts 
per  cell  indicates  either  that  the  battery  is  nearly  discharged  or  is 
in  a  bad  condition.  The  same  state  is  also  indicated  when  the 
voltage  drops  rapidly  after  the  load  has  been  on  for  a  few  minutes. 
The  following  joint  hydrometer  and  voltmeter  teats  issued  by  the 
Prest-O-Lite  Company  of  Indianapolis  will  be  found  to  cover 
the  majority  of  cases  met  with  in  actual  practice. 

(1)  A  voltage  of  2  to  2.2  volts  per  cell  with  &  hydrometer  reading  of  1.275 
to  1.300  indicate  that  the  battery  is  fully  charged  and  in  good  condition. 

(2)  A  voltaBc  reading  of  less  than  1.9  volts  per  cell,  with  a  hydrometer 
reading  of  1.200  or  Ipbb  indicatee  that  the  battery  ia  almost  completely  discharged. 

(3)  A  voltage  reading  of  1.9  volta  or  less  per  cell,  with  a  hydrometer 
reading  of  1.220  or  more,  indicates  that  excess  acid  has  been  added  to  the  cell. 
I'ndrr  these  cmnditiona,  lights  will  bum  dimly,  although  the  hydrometer  reading 
alone  would  appear  to  indicate  that  the  battery  was  more  than  half  chai'ged. 

(4)  Regard  less  of  voltage — high,  low,  or  normal— any  hydrometer  reading 
of  over  1.300  indicates  that  an  excessive  amount  of  acid  has  been  added. 

(3)     Where  a  low  voltage  reading  is  found,  as  mentioned  in  cases  2  and 

3,  to  determine  whether  the  battery  is  in  bad  order  or  merely  discharged,  stop 

the  discharge  by  switching  olT  the  load,  and  put  the  battery  on  charge,  cranking 

"  p  cii4£ini-  by  blind,  ami  noti-  whether  the  vo\tue,f  iif  each  cell  riHn  proniplly  lo 

vi>11a  or  riion-.     If  ni'l,  the  coll  is  probubly  ahort-i' 
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thus  become  badly  sulpliated,  or  they  ar 
where  the  temperature  passes  the  danger 
hot,  the  acid  attacks  and  injures  the  wo 
average  life  is  atxiut  one  year,  Excepti 
those  cases  where  the  battery  has  been 
which  results  in  unusually  long  life  withou 
the  cells  for  either  cleaning  or  the  insertion 
cases  are  so  in  the  minority,  however,  that 
usually  recommend  that  the  car  owner  '. 
overhauled  in  the  fall  to  put  it  in  the  best  < 
as  well  as  for  the  following  year.     Even 
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given  conscientious  attention,  the  condi' 
automobile  are  likely  to  vary  so  radically  t 
impossible  to  keep  the  cells  in  a  good  si 
considered  the  best  practice  to  give  all 
hauling  once  a  year.  The  method  of  d 
succeeding  sections. 

Replacing  a  Jar.  When  a  cell  requin 
water  more  often  than  the  other  cells  of 
test  to  the  same  specific  gravity  as  the  oth' 
tion  that  there  is  a  leak  in  the  jar.  Failun 
irravity  reading  is  not  pTotS.  ol  \^\«  cond 
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low  from  other  causes,  but  the  loss  of  electrolyte  is  certain  evidence 
of  it.    The  only  remedy  is  to  replace  the  jar  at  fault. 

After  locating  the  cell  in  question,  carefully  mark  the  connectors 
BO  as  to  be  sure  to  replace  them  the  same  way.  Disconnect  the 
cell  from  the  others  in  the  battery.  This  may  be  done  either  with 
the  aid  of  brace  and  bit,  which  is  used  to  drill  down  through  the 
post  of  the  connet?lor.  Fig.  387,  or  with  a  gasoline  torch  which  should 
be  applied  carefully  to  the  strap  at  the  post.  When  the  metal  has 
become  molten,  pry  the  strap  up  on  the  post  with  a  piece  of  wood. 
Do  not  use  a  sciWdriver  or  other  metal  for  this  purpose  as  it  is 
apt  to  short-circuit  one  or  more  of  the  cells.  Care  must  also  be 
taken  not  to  apply  so  much  heat  that  the  post  itself  will  be  melted  as 
this  would  make  it  difficult  to  reconnect  the  cell.  For  one  not 
accustomed  to  handling  the 
torch,  it  will  be  safer  to  drill  out 
the  post,  as  illustrated.  Lift  thi' 
complete  cell  out  of  the  battery 
box  and  then  use  the  torch  In 
warm  the  jar  around  the  tu|) 
to  soften  the  sealing  compound 
that  holds  the  cover,  Fig.  ;!S8. 
Grip  the  jar  between  the  feet, 
take  hold  of  the  two  connectors 
and  pull  the  element  almost  out 
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melt  in  some  more  lead  until  the  eye  of  the  comiector  is  filled  level. 
This  is  termed  lead  burning  and  is  described  at  greater  length  in 
a  succeeding  section.  Where  no  facilities  are  at  band  for  carrying 
it  out,  it  may  be  done  with  an  ordinary  soldering  copper.  The 
copper  is  brought  to  a  red  heat  so  that  all  the  tinning  is  burned 
off,  and  no  ffux  of  any  kind  is  used.  The  method  of  handling  the 
soldering  copper  and  the  lead-burning  strip  to  supply  the  extra 
metal  required  to  fill  the  eye  is  shown  in  Fig.  391. 
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Put  the  battery  on  charge  from  an  outside  source,  and  when 
the  cells  bcfiiii  lo  gas  freely,  reduce  the  current  to  half  the  finishing 
rate  given  on  the  hattery  name  plate  and  charge  at  this  rate  as  long 
a.s  there  is  any  rise  In  the  specific  gra^■ity  of  the  electrolyte  in 
this  or  any  iif  the  other  cells.  The  maximum  gravity  has  been 
reachetl  when  there  has  been  no  rise  in  the  specific  gravity  for  a 
period  of  three  hours.  If  the  gravity  of  the  cell  having  the  new  jar 
is  then  over  1.28(1,  draw  off  some  of  the  electroljte  and  replace  it 
with  (listille<l  water.  If  the  gravity  is  below  1,270,  draw  off  some  of 
tie  electrolyte  and  re\")\ace  \t  ■«\'C[i  \;ySi  AwXmV^Ajt,    U  ■ftscesaaty 


ELECTRICAL  EQUIPMENT 


583 


to  put  in  1.300  electrol>-te,  allow  the  battery  to  continue  charging 
for  about  one-half  hopr  longer  at  a  rate  sufficient  to  cause  gassing, 
which  will  cause  the  stronger  add  to  become  thoroughly  mixed  with 
the  rest  of  the  electroljte  in  the  cell. 

Overhauling  the  Battery.  As  already  mentioned,  it  will  be 
found  desirable  to  overhaul  the  majority  of  starter  batteries  at 
least  once  a  year.    The  expense  to  the  car  owner  will  be  less  than 
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Dixmatmiing  CelU.  Rnoove  the  coniiectan  by  dnlEng,  hestii^, 
or  pulling  (in  the  Mine  numoer  as  «  vfaed  a  pulled),  and  locsen 
the  jar  covers  by  beadng  or  rumuiig  a  boC  putty  knife  anxmd  their 
edges  90  that  the>-  may  be  lifted  off.  Hie  covers  should  be  wmdied 
in  hot  water  and  then  staded  one  on  top  c^  the  other  with  heavy 
wet]^t  on  them  to  press  them  flat.  lift  the  jats  out  of  the  battery 
box  and  note  vbether  any  of  them  have  been  leaking.  A  cradced 
jar  should  of  course  be  refdaced.  Treat  c»ie  cdl  at  a  time,  by 
pulling  the  element  out  of  the  jar  with  the  aid  of  the  plios,  meanwhile 
bdding  the  jar  with  the  feet.    Lay  the  demrat  cm  the  bench  and 


ig  Old  S*piir«Ui™  Fig.  393.    P™»in«  Ni^jntivs 

CiiuTUty  al  EUarit  Slaratit  BaUtry  Cmnpony,  FKioddphia.  /'miuv'miu 

spread  the  plates  slightly  to  permit  removing  the  separators,  taking 
care  not  to  injure  the  rubber  sheets.  Fig.  392.  Separate  the  positive 
group  from  the  negative.  If  the  active  material  of  the  negative 
be  wwdllen  beyond  the  surface  of  the  grid,  press  it  back  into  position 
bffore  it  has  a  cliance  to  dry,  placing  boards  of  suitable  thickness 
iK'twcen  the  plates  and  carefully  squeezing  the  group  between  heavy 
boards  in  a  vise  or  press,  as  shown  in  Fig,  393.  Boards  of  sufficient 
size  and  thickness  must  be  used  between  the  plates  or  breakage 
will  result.  Charged  negative  plates  will  become  hot  in  a  short 
time  wlicn  exposed  to  the  air  and,  in  this  event,  should  be  allowed 
to  cool  before  reas3em\AviM6-    "RjemoNe  ravj  \wft»,  -^wrfwiRa.  %d^ci.ai^ 
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to  the  positive  plates  by  passing  s  smooth  wood  paddle  over  the 
surface  but  do  riot  wash  the  positive  pUUea. 

Treating  the  Platet.  If  the  positive  plates  show  signs  of  buckling 
or  stripping  of  the  active  matter,  or  if  the  negative  plates  have  the 
light  spotted  appearance  indicative  of  sulphating,  it  may  be  necessary 
to  replace  them  altogether.  In  case  sulphating  appears  to  be  the 
only  trouble,  the  groups  should  be  reassembled  in  an  open  jar  with 
distilled  water  and  given  a  long,  slow  charge,  testing  with  the  hydrom- 
eter at  frequent  intervals  to  note  whether  the  specific  gravity  is 
riKing  or  not.  Twenty-four  hours 
or  more  may  be  necessiiry  fnr 
this  cliarge,  and  two  nr  three  (la,\'3 
will  be  nothing  unusual.  This 
charging,  of  course,  is  carried  nn 
from  the  lighting  mains  thruugh 
a  rectifier  or  a  motor-generator, 
unless  direct-current  ; 
available.  If  it  is  necessary-  to 
prolong  the  charge  over  two  or 
three  days,  and  the  specific  grav- 
ity still  wtntinues  to  rise  slowly. 
it  may  be  preferable  to  replace 
the  phite». 

HroKitcmiling  lialtcn,.    Wa^U 
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The  separators  should  be  practically  flush  with  the  bottoms  o< 
file  plates  to  bring  their  tops  against  the  hold-down  below  the  strap, 
and  must  extend  to  or  beyond  the  side  edge  of  the  plates.  Grif 
the  element  near  the  bottom  to  prevent  the  plates  flaring  out  whil< 
placing  the  element  in  the  jar.  Fill  the  cell  to  within  one-half  inci 
of  the  top  of  the  jar,  using  electrol^le  of  1.250  specific  gravity.  I 
the  negative  plates  show  signs  of  sulphating,  but  not  enough  to  cal 
for  the  special  treatment  mentioned  above,  use  water  instead  of  th( 
electrol^'te.  After  all  of  the  cells  have  been  given  the  same  treatmen 
and  reassembled,  return  them  to  the  battery  box  in  their  prope 
positions,  so  that  the  positive  of  each  cell  will  be  connected  to  th( 
negative  of  the  adjoining  cell  and  connect  temporarily  by  pressiuj 
the  old  connecting  straps  in  place  by  hand. 

Checking  the  Connections,  Put  the  battery  on  charge  at  it 
finishing  rate  (usually  about  5  amperes)  and,  after  charging  abou 
fifteen  minutes,  note  the  voltage  of  each  cell.  This  is  to  insur 
having  reconnected  the  cells  properly  with  regard  to  their  polarity 
If  this  be  the  case,  they  should  all  read  approximately  2  volts.  An; 
cell  that  reads  less  is  likely  to  have  been  connected  backward.  Whei 
the  cells  begin  to  gas  freely  and  uniformly,  take  a  hydrometer  readinj 
of  each  cell  and  a  temperature  reading  of  one  of  them.  Reduce  th< 
current  to  one-half  the  finishing  rate.  Should  the  temperature  o 
the  electrolyte  reach  100*  F.,  reduce  the  charge,  or  interrupt  i 
temporarily,  to  prevent  the  cells  getting  any  hotter.  Both  hydromete 
i  and  temperature  readings  must  be  taken  at  regular  intervals,  sa] 

four  to  six  hours  apart,  to  determine  if  the  specific  gravity  is  stil 
rising  or  if  it  has  reached  its  maximum.  Continue  the  charge  am 
the  readings  until  there  has  been  no  further  rise  for  a  period  of  a 
least  twelve  hours.  Maintain  the  height  of  the  electrohle  constan 
by  adding  water  after  each*  reading.  (If  water  were  added  befon 
the  reading,  it  would  not  have  time  to  mix  with  the  electrolyte 
and  the  reading  would  not  be  correct.) 

Should  the  specific  gravity  rise  to  about  1.300  in  any  cell,  drsLV 
off  the  electrolyte  dcwn  to  the  level  of  the  tops  of  the  plates  anc 
refill  with  as  much  water  as  possible  without  overflowing.  Continue 
the  charge,  and  if  the  specific  gravity  again  exceeds  1.300,  dum{ 
out  all  the  electrolyte  in  that  cell,  replace  it  with  water,  and  continue 
the  charge.     The  cVxatge  c^lw  b^  cowsvdeced  complete  only  wher 
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tbere  has  been  no  rise  in  the  gravity  of  any  of  the  cells  during  a  period 
of  at  least  twelve  hours  of  continuous  charging.  Upon  completion 
of  the  charge,  the  electrolyte 
should  have  its  specific  gravity 
adjusted  to  its  proper  value 
(1.270  to  1.280)  using  water 
or  1.300  acid,  as  may  be  nec- 
essary, and  the  level  of  the 
electrolyte  adjusted  to  a  uni- 
form )  inch  above  the  plates. 
Dischai^  the  battery  at 
its  normal  discharge  rate  to 
determine  if  there  are  any 
low  celb  caused  by  defective 
assembly.  The  normal  dis- 
charge rate  of  the'battery  is 
usually  given  on  its  name 
plate.  To  discharge  the  bat- 
tery, the  current  may  be 
passed  through  a  rheostat,  as 
in  Fig.  395,  or  if  no  panel 
boarri  of  this  tjpc  be  avail 
able,  through  a  water  resist- 
antv,  as   shown   in  Fig.  :Jlt6. 
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by  the  voltmeter  test  (they  should  all  register  tWo  volts  or  slightly 
over  at  the  beginning  of  the  discharge  and  should  fall  off  slowly)  such 
cells  should  be  remedied  at  once.  Recharge  the  battery  and  thei 
remove  the  temporary  connectors,  wipe  the  inside  edges  of  the  jar 
dry,  and  put  the  rubber  covers  in  place.  Heat  the  sealing  compound 
which  is  supplied  for  this  purpose  and  apply  around  the  edges  of  th 
covers,  smoothing  it  down  with  a  hot  putty  knife.  Care  must  b 
taken  not  to  bum  the  sealing  compound  when  heating  it.. 

Reconnecting  Cells.  If  the  old  lead  connecting  straps  have  bee 
removed  carefully,  they  may  be  used  again,  though  in  many  case 
it  will  be  found  preferable  to  employ  new  straps.  Before  puttin 
the  straps  in  place,  scrape  the  posts  clean  with  a  knife  and  clea 
out  the  eyes  of  the  straps  themselves.  When  the  connectors  hav 
been  put  in  place,  tap  them  down  firmly  to  insure  good  contaci 
Before  rebuming  the  connectors  in  place,  test  each  cell  with  a  lo\« 
reading  voltmeter  to  make  certain  that  the  cells  have  been  cohnecte 
in  the  right  direction,  i.e.,  that  their  polarity  has  not  been  reversec 
It  is  not  suflScient  to  note  that  the  voltlige  of  each  cell  is  correct 
i.e.,  2  volts  per  cell  or  over,  but  care  must  be  taken  also  to  note  tha 
it  is  in  the  right  direction.  With  a  voltmeter  having  a  needle  tha 
moves  in  both  directions  from  zero,  one  polarity  will  be  evidence 
by  the  needle  moving  over  the  scale  to  the  right  of  the  neutral  line 
while  if  the  polarity  be  reversed,  the  needle  will  move  to  the  lefl 
One  cell  having  the  proper  polarity  should  accordingly  be  teste< 
and  then,  to  be  correct,  the  remaining  cells  should  cause  the  needl 
to  move  in  the  same  direction  and  to  approximate  the  same  voltag 
when  the  instrument  leads  are  held  to  the  same  terminals  in  th 
same  way  for  each.  Where  the  voltmeter  needle  can  move  in  bu 
one  direction,  i.e.,  to  the  right,  a  change  of  polarity  will  be  indicate 
by  the  needle  of  the  instrument  attempting  to  move  to  the  lef 
and,  in  so  doing,  butting  up  against  the  stop  provided  to  preven 
this.  Complete  the  reassembly  of  the  cells  by  burning  the  connector 
together,  as  detailed  under  the  head  of  Lead  Burning.         _ 

Reneivals,  In  many  cases  it  will  be  found  necessary  upoi 
overhauling  a  battery  to  renew  the  elements.  These  may  be  purchaser 
either  as  loose  plates  or  as  groups  ready  to  assemble  in  the  battery 
Except  in  garages  doing  a  large  amount  of  this  work,  it  will  no 
be  advisable  to  buy  the  loose  ^late^  and  bum  them  into  groups 
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■  He  new  groups  should  be  assembled  with  rubber  sheets  and  wood 
I  separators,  as  directed  in  overhauling  the  battery,  the  jars  filled 
I  with  fresh  electrolyte  of  the  proper  specific  gravity  and  the  battery 
given  a  test  charge  and  discharge  with  temporary  connections.  The 
electrolyte  should  be  of  1.2.50  specific  gravity,  or  seven  parts  of 
water  to  two  of  pure  sulphuric  acid  by  volume.  If  the  test  charge 
has  been  carried  to  a  point  where  the  specific  gravity  has  ceased  to 
rise  for  several  hours,  and  the  discharge  shows  no  defectively 
assembled  cells,  the  cells  may  be  permanently  connected. 

Lead  Burning.     Type  of  Ovtfil.    In  the  manufacture  of  storage 
batteries,  and  in  garages  where  a  large  number  of  batteries  are 
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connected  by  a  flexible  cable.  This  simple  outfit  can  be  employee 
in  two  ways,  the  second  being  preferable  for  the  beginner,  at  leas 
until  sufficient  amount  of  skill  has  been  acquired  to  use  the  ar 
without  danger  of  melting  the  straps. 

First  Method  of  Burning.  In  the  first  method,  a  potential  c 
from  28  to  30  volts  (12  to  15  cells)  is  required.*  The  clamp  shoub 
therefore,  be  fastened  to  the  positive  pole  of  the  twelfth  to  tk 
fifteenth  cell  away  from  the  joint  to  be  burned,  counting  toward  tt 
negative  terminal  of  the  battery.  The  carbon  then  forms  the  n^ati\ 
terminal  of  the  circuit.  Otherwise  particles  of  carbon  will  be  carrie 
into  the  joint,  as  the  carbon  rod  quickly  disint^rates  when  it  fom 
the  positive  pole.  The  carbon  should  project  3  or  4  inches  from  tl 
holder.  The  surfaces  of  the  parts  to  be  burned  should  be  scrape 
clean  and  bright,  and  small  pieces  of  clean  lead  about  ^  to  ^  inc 
square  provided  for  filling  the  joint.  The  carbon  is  then  touched  t 
the  strap  to  be  burned  and  inunediately  withdrawn,  forming  a 
electric  arc  which  melts  the  lead  very  rapidly.  By  moving  the  carbo 
back  and  forth  the  arc  is  made  to  travel  over  the  joint  as  desired,  tb 
I  small  pieces  of  lead  being  dropped  in  to  fill  the  gap  as  requirec 

Owing  to  the  high  temperature  generated,  the  work  must  be  carrie 
out  very  quickly,  otherwise  the  whole  strap  is  liable  to  melt  and  rur 
.!  As  this  method  is  difficult  and  requires  practice  to  secure  goo 

j  results,  the  beginner  should  try  his  hand  on  some  scrap  pieces  c 

j  lead  before  attempting  to  operate  on  a  cell.     Its  advantages  ai 

that  when  properly  carried  out  it  takes  but  a  short  time  to  do  th 
work,  and  the  result  is  a  neat  and  workmanlike  joint.  It  is  extremel 
hard  on  the  eyes  and  smoked  or  colored  glasses  must  be  used. 

Second  Method  of  Burning,  The  second  method,  utilizing  th 
hot  j)oint  of  the  carbon  rod  instead  of  the  arc,  is  recommended  fo 
general  practice.  Scraj^e  the  parts  to  be  joined  and  connect  th 
clamp  between  the  third  and  fourth  cells  from  the  joint.  With  thi 
method  it  is  not  necessary  to  determine  the  polarity  of  the  carbon 
The  latter  is  simply  touched  to  the  joint  and  held  there;  on  accoim 
of  the  heavy  flow  of  current  it  rapidly  becomes  red  and  then  whit 
hot.  By  moving  it  around  and  always  keeping  it  in  contact  witl 
the  metal,  the  joint  can  be  puddled.    To  supply  lead  to  fill  the  joint 

*Thii}  voltxtge  may  be  obtained  from  an  plectric  vehicle  battery  in  the  sarace  or  from  tb 
lightinK  niaina  throut^h  a  suitable  rceiatance,  first  converting  to  direct  current  wb€r«  the  suppl, 
Lb  alternating. 


ELECTRICAL  EQUIPMENT  591 

an  ordinary  lead-burning  strip  can  be  used,  simply  introducing  the 
end  into  the  puddle  of  molten  lead,  touching  the  hot  carbon.  The 
carbon  projecting  out  of  the  holder  should  be  only  one  inch,  or  even 
less,  in  length.  After  the  joint  has  been  made,  it  can  be  smoothed 
off  by  running  the  carbon  over  it  a  second  time. 

Use  of  Forms  to  Cover  Joint.  In  joining  a  strap  which  has  been 
cut  in  the  center,  it  is  best  to  make  a  form  around  the  strap  by  means 
of  a  piece  of  asbestos  sheeting  soaked  in  water  and  fastened  around 
the  strap  in  the  shape  of  a  cup,  which  will  prevent  the  lead  from 
running  down.  It  will  be  found  that  sheet  asbestos  paper  is  thick 
enough,  but  it  should  be  fairly  wet  when  applied.  By  this  means  a 
neat  joint  can  be  easily  made.  The  asbestos  will  adhere  very  tightly 
to  the  metal  owing  to  the  heat,  but  can  be  removed  by  wetting  it 
again.  When  burning  a  pillar  post  to  a  strap,  a  form  may  be  made 
around  the  end  of  the  strap  in  the  same  manner,  though  this  is  not 
necessary  if  reasonable  care  is  used.  Two  or  three  pieces  of  i^inch 
strap  iron  about  one  inch  wide,  and  some  iron  nuts  about  one  inch 
square  are  also  of  service  in  making  the  joint,  the  strap  iron  to 
be  used  under  the  joints,  and  the  nuts  at  the  side  or  ends  to  confine 
the  molten  lead.  Clay  can  also  be  used  in  place  of  asbestos,  wetting 
it  to  a  stiff  paste.  As  the  holder  is  liable  to  become  so  hot  from 
constant  use  as  to  damage  the  insulation,  besides  making  it  uncom- 
fortable to  hold,  a  pail  of  water  should  be  handy,  and  the  carbon 
dipped  into  it  from  time  to  time.  This  will  not  affect  its  operation 
in  any  way,  as  the  carbon  becomes  hot  again  immediately  the  current 
passes  through  it. 

Illuminating  Gas  Outfit.  Heretofore  it  has  not  been  possible  to 
do  good  work  in  lead  burning  with  illuminating  gas,  but  a  special 
type  of  burner  has  recently  been  perfected  by  the  Electric  Storage 
Battery  Company,  which  permits  the  use  of  illuminating  gas  with 
satisfactory  results.  The  outfit  consists  of  a  special  burning  tip  and 
mixing  valve.  Sufficient  fV-inch  rubber  hose  should  be  provided,  and 
the  rubber  should  be  wired  firmly  to  the  corrugated  connections.  Fig. 
398,  as  the  air  is  used  at  a  comparatively  high  pressure.  A  supply  of 
compressed  air  is  necessary,  the  proper  pressure  ranging  from  5  to  10 
pounds,  depending  upon  the  length  of  hose  and  the  size  of  the  parts  to 
be  burned.  When  air  from  a  compressor  used  for  pumping  tires  is 
utilized  for  this  purpose,  a  suitable  reducing  v«\N^T[v\i^\.\ifc*vDXx^3^»R»^ 
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in  the  supply  line.    This  outfit  is  designed  for  use  with  ordinary 
illuminating  gas  and  cannot  be  employed  with  natural  gas. 

Connect  the  lur  hose  to  the  right-hand  cock  and  the  gas  hose  t 
the  left-hand  cock.  The  leader  hose,  about  five  or  six  feet  long,  i 
connected  to  the  lower  pipe  and  to  the  upper  end  of  the  burning  tif 
\Mien  the  air  pressure  at  the  source  is  properly  adjusted,  close  th 
air  cock  and  turn  the  gas  cock  on  full.  Light  the  gas  at  the  tip  an 
turn  on  the  air.  If  the  Same  blows  out,  reduce  the  air  pressun 
preferably  at  the  source.    With  the  gas  turned  on  full,  the  flam 


-BurmngOiitfiHorUt* 
J  if  Eltetri'  Rtanot  Battrrt  Cawi 
Fli,ladtlpMa.  /■rn«v<nuid 

will  have  a  ragged  appcarant-e  and  show  a  waist  about  \  inch  fron 
the  end  of  the  tip,  the  flame  converging  there  and  spreading  oui 
beyond.     Sueh  a  flame  is  not  good  for  lead  burning. 

t^lowly  turn  the  gas  off  until  the  outer  portion  at  the  waisi 
breaks  and  spreails  with  an  inner  tongue  of  flame  issuing  through  th( 
outiT  ring.  The  flame  will  now  have  a  greenish  color  and  is  properlj 
adjusted  for  buimn%.    \\r\ift%'BA\4V*arc«A.ii?ltaAliexQ":  iftoomucl 
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air  is  turned  on,  the  flame  assumes  a  blue  color  gradually  becoming 
invisible  and  is  then  deficient  in  heating  power.  When  properly 
adjusted,  the  hottest  part  of  the  flame  is  just  past  the  end  of  the  inner 
point.  Do  not  hold  the  flame  too  close  to  the  work  when  burning, 
as  its  heating  effect  b  greatly  reduced  and  the  flame  is  spread  so  as  to 
make  control  difficult.  The  burning  tip  has  at  its  lower  end  an 
outer  sleeve  and  lock  nut;  this  sleeve  can  be  taken  off  in  case  any 
of  the  holes  in  the  tip  become  clogged.  The  position  of  this  sleeve 
is  adjustable,  the  best  position  varying  with  the  pressure  of  the 
flame,  and  it  should  be  determined  by  experiment. 

Hydrogen  Gas  Outfit.  Hydrogen  gas  gives  a  hotter  flame  and 
therefore  permits  of  more  rapid  work,  so  that  where  burning  is  done 
on  a  large  scale,  it  is  still  preferred.  The  essentials  of  such  an  outfit 
are:  first,  a  hydrogen  generator;  second,  a  method  of  producing  air 
pressure  at  approximately  2  pounds  to  the  square  inch;  and  third, 
the  usual  pipe  and  tips  for  burning.  If  hydrogen  gas  is  purchased  in  a 
tank  and  compressed  air  is  available,  only  the  blowpipe,  tips,  and  a 
reducing  valve  on  the  air  line  are  necessary.  This  is  an  expensive 
method  to  purchase  hydrogen,  however,  so  that  it  is  usually  generated, 
and  a  water  bottle  is  needed  between  the  generator  and  the  blowpipe 
to  wash  the  gas  and  to  prevent  the  flame  from  traveling  back  to  the 
generator. 

For  this  purpose  hydrogen  gas  is  generated  by  placing  zinc  in  a 
sulphuric-acid  solution.  The  generator  usually  employed  for  vehicle- 
battery  burning  requires  50  pounds  of  zinc,  2  gallons  of  sulphuric 


504 


ELECTRICAL  EQUIPMENT 


pour  in  the  acid,  taking  care  to  avoid  splashing.     AhoagM  pour  tl 
water  in  first. 

In  running  the  hose  from  A'  to  N,  arrange  it  so  that  there  w 
be  no  low  points  for  the  water  of  condensation  to  collect  in;  in  oth 
words,  this  hose  should  drain  back  at  every  point  to  the  WAter  bottl 
If,  however,  water  should  collect  in  the  hose  to  such  an  extent  as 
interfere  with  the  flame  and  it  cannot  readily  be  drained  oBg  Idnk  tl 
hose  between  T  and  U  and  detach  it  from  K;  dose  the  stop  cock 
IV  and  pump  until  a  strong  pressure  is  obtained  in  the  tank;  then  do 
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the  cock  at  T,  opening  those  at  iS'  and  N  and,  finally,  quickly  open  H 
the  pressure  in  the  air  tank  will  then  force  the  water  out  of  the  hos 
The  len^'th  of  the  hose  from  T  to  U  should  be  such  that  the  mixin 
cocks  at  S  and  X  are  always  within  easy  reach  of  the  man  handlin 
the  flame. 

In  preparing  tlie  flame  for  burning,  close  the  air  cock  at  S  an 
oi)en  X  wide,  hold  a  match  to  the  gas  until  it  lights,  then  add  ai 
and  adjust  the  gas  cock  slowly,  turning  toward  the  dosed  positio 
until  the  flame,  when  triwl  on  a  piece  of  lead,  melts  the  metal  an 
leaves  a  dean  surface.  The  tij)  to  be  used  depends  on  the  work,  bu 
most  ve\uc\e-\nvlltT\  wotV.  \"^  OiviYvvi  ^\l\vlV\ft  medium  tip.    Replenis 
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Ae  BDC  every  few  days,  keeping  it  up  to  the  required  amount.  WTien 
ft  duuge  is  exhausted  or  the  generator  b  to  t>e  laid  up  for  the  night, 
UlB  old  solution  should  be  drawn  ofF  before  malcing  up  a  new  charge 
and  the  generator  thoroughly  flushed  out  by  running  water  through  A. 
He  new  charge  should  not  be  put  in  until  the  generator  is  to  be  used 
i^in.  To  empty  the  generator,  first  pull  off  the  hose  at  the  nipple 
K,  then  at  E,  and  finally  the  rubber  plug  at  H.  Care  shou'd  be 
taken  not  to  allow  the  solution  to  splash  on  anj'thing  and  not  to 
dimqi  the  generator  where  the  contents  will  damage  cement,  asphalt, 
or  wood  walks. 

'■■*«"'"t  New  Battery.  In  not  a  few  instances,  it  will  be  neces- 
■Biy  to  renew  the  entire  battery.  As  received  from  the  manufacturer, 
the  battery  is  in  a  charged  condition,  i.e.,  it  was  fully  charged  just 
pfevious  to  being  shipped,  but  it  must  be  inspected  and  tested  before 
being  installed  on  the  car.  Care  must  be  taken  in  unpacking  it  to 
avDld  q»lling  any  of  the  electrolyte.  After  cleaning  off  the  packing 
ham  the  tops  of  the  cells,  take  out  the  rubber  plugs  and  see  that  the 
dectndsrte  is  )  inch  over  the  plates.  If  it  is  uniformly  or  approxi- 
matdy  below  the  proper  level  in  all  the  cells,  this  is  simply  the  loss 
due  to  evaporation.  But  if  low  in  only  one  or  two  <.'ells.  this  is 
endently  caused  by  loss  of  electrol^-tc.  In  case  this  loss  has  resulted 
firom  the  case  being  turned  over  in  shipment,  it  will  be  indicated 
by  the  presence  of  acid  on  the  packing  on  top  of  the  battery  (the 
acid  does  not  evaporate),  and  some  of  the  electrolyte  will  have 
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represented  by  its  electrolyte;  th<it  pouring  off  the  electrohle  takes 
the  charge  with  it;  that,  in  case  it  is  desired  to  store  a  battery, 
all  that  is  necessary  is  to  pour  off  the  electrolyse  and  store  the  empty 
battery  and  the  solution  separately;  and  when  it  is  desired  to  put 
the  battery  back  in  commission,  it  is  then  only  necessary  to  pour 
the  electrolyte  back  into  the  cells  and,  prestol  they  are  ready  to 
start  the  engine  right  away.  Unfortunately  for  this  theory,  the  charge 
is  in  the  active  material  of  the  plates  and  not  in  the  electrolyte. 

It  is  frequently  necessary  to  allow  the  battery  to  remain  idle 
for  a  considerable  length  of  time,  in  which  case  it  should  be  put 
out  of  commission.  If  the  battery  itself  is  in  good  condition  at 
the  time  and  if  it  may  be  wanted  for  service  again  at  short  notice, 
this  need  only  consist  of  giving  it  a  long  equalizing  charge  until 
the  specific  gravity  has  ceased  to  rise  for  several  hoiu^,  then  filling 
the  cells  to  the  top  w^ith  distilled  water  and  putting  the  battery  awa\' 
in  a  handy  place.  It  should  be  given  a  freshening  charge  every 
two  weeks  or,  at  least,  as  often  as  once  a  month.  If  it  is  actually 
to  be  stored,  there  are  two  ways  of  doing  this. 

One  is  known  as  the  wet  storage  method,  and  the  other  as 
the  dry,  the  one  to  be  adopted  depending  upon  the  condition  of  the 
l)iittery  and  the  length  of  time  it  is  to  be  out  of  conmiission.  The 
wet  storage  method  is  usually  applied  to  any  battery  that  is  to  be 
out  of  commission  less  than  a  year,  provided  that  it  will  not  soon 
require  repairs  necessitating  dismantling  it.  The  dry  storage  method 
is  used  for  any  battery  that  is  to  be  out  of  commission  for  more  than 
a  year,  regardless  of  its  condition,  and  it  is  also  applied  to  any  battery 
that  will  shortly  require  repairs  necessitating  its  dismantling.  It 
will  he  apparent  that  this  last-named  class  includes  most  starter 
batteries  after  they  have  seen  several  months  of  service,  so  that  the 
majority  can  be  placed  in  dry  storage  when  necessary  to  put  them 
out  of  conmiission. 

Kxaniine  tlie  condition  of  tlic  i)lates  and  the  separators  and 
also  the  amount  of  sediment  in  the  bottom  of  the  jars.  If  it  is  found 
that  there  is  very  little  sediment  and  the  plates  and  separators  are 
in  sufficiently  good  condition  to  give  considerable  additional  service, 
the  battery  may  be  put  into  wet  storage  by  giving  it  an  equalizing 
charge  and  covering  it  to  exclude  dust.  Replace  evaporation 
periodically  to  maintain  the  level  of  the  electrolyte  i  inch  above  the 
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tops  of  the  plates.  At  least  once  every  four  months,  charge  the 
battery  at  one-half  its  normal  finishing  rate  (see  name  plate  on 
battery  box)  until  all  the  cells  have  gassed  continuously  for  at  least 
three  hours.  Any  celts  not  gassing  should  be  examined,  and  the 
trouble  remedied. 

When  examination  shows  that  the  battery  will  soon  require 
dismantling,  it  should  be  put  into  dry  storage.  Dismantle  the  cells 
ID  actxirdance  with  the  instructions  abeady  ^ven.  If  the  positive 
plates  show  much  wear,  they  should  be  scrapped;  if  not,  remove 
any  loose  particles  adhering  to  them  by  passing  a  smooth  wood 
paddle  over  the  surface,  but  do  not  wtak  the  positive  plaies.  Chained 
negative  plates  will  become  hot  in  a  short  time  when  exposed  to 
the  air.    They  should  be  allowed  to  stand  in  the  air  until  cooled. 

Empty  all  the  electrolyte  out  of  the  jars  into  a  glass  or  glazed 
earthenware  )ar  or  a  lead-lined  tank  and  save  it  for  giving  the  negative 
plates  their  final  treatment  before  storage.  Wash  all  the  sediment 
out  of  the  jars  and  wash  the  rubber  separators  carefully,  then  dry 
them  and  tie  them  in  bundles.  Place  the  positive  groups  together 
ID  pair*,  put  them  in  the  jars,  and  store  them  away.  Then  put  the 
D^ati  .e groups  together  in  the  same  way,  place  them  in  the  remaining 
jars,  and  cover  them  with  the  electrolj-te  saved  for  the  purpose, 
allowing  ihem  to  stand  in  it  foi  five  hours,  at  least.  Then  pour  off 
the  electrolj'te,  which  may  now  be  discarded,  and  store  away  the 
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except  the  lowest  starting  speeds  and  should  accordingly  alway 
be  fully  charged.  The  generator  is  designed  to  take  care  of  thi 
storage  batter>'  and  usually  has  sufficient  capacity  to  light  all  th< 
lamps  in  addition.  Practice,  however,  does  not  bear  out  thi 
theoretical  \new  of  the  favorable  conditions  under  which  the  starte 
batter>'  is  supposed  to  operate.  It  will  be  apparent  at  the  ver; 
outset  that  the  method  of  charing  and  discharging  is  not  beneficial 
To  insure  long  life  to  a  storage  battery,  it  should  be  fully  charges 
and  then  discharged  to  at  least  seventy-five  per  cent  of  its  maximun 
capacity  before  recharging.  It  should  never  be  allowed  to  stant 
discharged  for  any  length  of  time.  If  exhausted,  it  should  b 
recharged  immediately.  It  should  not  be  charged  to  half  its  capacit; 
and  then  discharged.  It  should  not  be  6vercharged  to  the  poin 
where  it  continues  to  gas  violently  nor  where  its  temperature  exceed 
100°  F. 

All  of  these  are  things  that  should  not  be  done  to  the  storag 
battery,  but  it  will  take  only  a  little  experience  to  enable  the  garag 
man  to  recognize  that  all  these  are  things  which  are  constantly  bein 
done  to  the  majority  of  storage  batteries  on  gasoline  automobiles 
Most  batteries  receive  treatment  that  reaches  one  extreme  or  th 
other,  though  it  will  be  apparent  that  the  middle  course  is  almos 
as  injurious  to  the  battery.  Either  a  battery  is  constantly  kep 
undercharged  so  that  it  has  insufficient  charge  to  spin  the  engin 
more  than  once,  and  its  operation  is  accordingly  unsatisfactory,  o 
it  is  constantly  kept  overcharged  with  the  result  that  the  hot  acii 
makes  comparatively  short  work  of  the  plates,  and  they  must  b 
renewed  in  considerably  less  than  a  year  of  service.  The  mean  cours 
between  these  two  is  found  in  the  case  of  the  battery  that  is  onl 
charged  to  about  half  its  capacity  before  being  discharged  again  b 
the  use  of  the  starting  motor.    This  treatment  results  in  sulphatin^ 

1\)  keep  the  storage  battery  of  the  starting  system  in  anythin 
like  efficient  operating  condition,  it  cannot  be  left  on  the  runnin, 
board  with  nothing  but  the  generator  of  the  starting  and  lightin 
system  to  cliarge  it.  Hydrometer  and  voltage  tests  will  be  valueles 
unless  the  conditions  they  indicate  are  remedied,  and  this  canno 
be  done  with  the  car  generator  as  the  sole  source  of  charging  currenl 
Here  is  a  typical  instance:  The  battery  is  in  good  condition  and  i 
is  fully  charged.    0\\  a  eo\^  \i£iOT\\\w^/\\.\^  ^\^^"«x^  \s\SL\ss^sscas^^jew^ 
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for  almost  fifteen  minutes  by  the  starting  motor  before  the  en^ne 
fires.  As  a  result,  it  is  practically  discharged.  The  car  is  driven  only 
K  few  miles,  stopped  and  after  a  rest  started  again.-  What  charge 
the  battery  received  by  the  short  run  Is  ag^n  lost.  The  car  is  run 
for  a  little  longer  time  and  returned  to  the  garage.  The  battery 
has  received  about  one-fourth  its  normal  charge.  It  stands  this 
way  for  several  days. 

The  weather  being  wanner,  the  engine  starts  in  a  much  shorter 
time,  but  not  before  the  starting  motor  has  exhausted  the  small 
amount  of  charge  in  the  battery.  It  is  not  run  enough  that  day  to 
charge  the  battery  Dor  when  taken  out  again  that  night,  as  all  the 
lights  are  switched  on,  and  under  such  conditions  the  battery  receives 
very  little  current.  Multiply  thb  treatment  by  five  or  ten  repr^ 
senting  the  number  of  days  the  car  is  driven  during  the  month. 
At  the  end  of  that  time,  the  battery  no  longer  has  sufficient  charge 
to  operate  the  starting  motor  at  all  and  is  condemned,  as  usual, 
by  the  car  owner  as  being  worthless.  Thb  is  only  one  instance  of 
many  that  are  so  similar  that  a  few  changes  in  detail  would  cover 
them  all.  No  battery  ever  made  could  possibly  operate  efficiently 
under  such  conditions.  After  the  car  in  question  had  been  used  a 
few  days,  a  hydrometer  test  of  the  battery  would  have  indicated 
its  need  of  charging. 

Equalizing  Charces  Necessary.  Even  where  a  battery  receives 
almost  100  per  cent  of  its  normal  chai^  before  being  discharged  again, 
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to  give  it  an  equalizing  charge  once  a  month.  The  constantly  over^ 
charged  condition  is  quite  as  injurious  as  its  opposite,  and  it  can  be 
cured  only  by  cutting  down  the  output  of  the  generator  or  increasing 
the  demand  upon  the  battery  for  current. 

Methods  of  Charging.  The  apparatus  employed  for  charging 
starter  batteries  will  natiu^Uy  vary  in  accordance  with  the  number 
that  are  looked  after  in  the  garage.  It  may  range  from  the  makeshift 
consisting  of  a  bank  of  lamps  up  to  an  elaborate  panel  board  designed 
to  provide  charging  connections  for  a  dozen  or  more  batteries  at  once. 
Where  direct  current  is  available — and  only  a  few  starter  batteries 
need  this  attention — ^a  bank  of  lamps  in  connection  with  a  fused 
double-pole  switch  will  be  found  to  fill  all  the  requirements.  Note 
the  charging  rate  (finishing)  given  on  the  name  plate  of  the  battery 
and  make  the  number  of  lamps  in  accordance.  A  32  c.p.  in  the 
circuit  is  practically  the  equivalent  of  one  ampere  of  current  entering 
the  battery,  i.e.,  it  requires  one  ampere  to  Ught  a  lamp  of  this  size 
and  type  (carbon  filament)  to  incandescence.  A  number  of  standard 
lamp  sockets  should  be  mounted  on  a  board,  connected  in  multiple, 
and  the  group  connected  in  series  with  the  switch  and  the  battery. 
(See  illustration  in  rfeum^  of  questions  and  answers  on  the  batter>\) 
As  many  lamps  as  necessary  may  then  be  screwed  into  the  sockets. 
The  more  current  needed,  the  more  lamps  and  the  higher  power 
lamps  will  be  necessary.  Tungsten  lamps  may  be  employed  as  well 
as  the  carbon-filament  type,  but  as  they  take  so  much  less  current, 
lamps  of  higher  candle  power  will  be  needed.  For  example,  to 
replace  a  32-c.p.  carbon-filament  lamp,  a  100-watt  tungsten  lamp 
will  be  required. 

Charging  in  Series  for  Economy.  Where  several  starter  batteries 
are  to  be  charged  at  the  same  time,  it  will  be  found  more  economical 
to  connect  them  in  series  and  charge  them  all  at  once.  The  difference 
between  the  110-volt  potential  of  the  lighting  mains  and  the  6  to  8 
volts  needed  to  charge  a  single  three-cell  battery  represents  that 
much  waste,  as  the  drop  in  voltage  has  to  be  dissipated,  through  a 
resistance,  to  no  purpose.  In  this  way,  any  number  of  6-volt  storage 
batteries,  up  to  twelve,  can  be  charged  from  a  110-volt  circuit  (direct- 
current)  with  the  same  expenditure  of  current  as  would  be  required 
for  a  single  battery.  This  is  owing  to  the  fact  that,  in  any  storage 
battery,  the  capadty  o(  IK^  battery  is  the  capacity  of  one  cell, 
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where  all  are  connected  in  series.  Consequently,  it  will  take  10  to 
15  amperes  to  charge  one  6-volt  battery  from  the  lighting  circuit, 
and  when  several  more  units  of  the  same  size  are  connected  in  series 
with  it,  the  current  consumption  will  still  be  the  same,  but  a  smaller 
part  of  the  voltage  will  have  to  be  wasted  through  a  resistance. 

Mottv-QeneratOT.  Direct  current  will  be  found  available  in 
comparatively  few  places  to-day,  so  that  some  means  of  rectifying 
an  alternating  current,  in  order  to  use  it  for  charging  batteries,  will 
be  necessary.  Where  quite  a  number  of  batteries  are  to  be  cared 
for,  the  motor-generator  will  be  found  to  give  the  highest  efficiency, 
besides  proving  more  economical  in  other  ways.  As  its  name  indicates, 
it  consbts  of  a  motor  wound  for  alternating  current  and  fed  from 
the  supply  mains  of  the  garage,  and  a  direct-current  generator  which 
is  driven  at  its  normal  generating  speed  by  the  a.c,  motor.  There  is 
no  electrical  connection  between  the  two  units.  Electrical  power 
in  the  form  of  an  alternating  current  is  converted  into  mechanical 
power  in  the  a,c,  motor  which  drives  the  armature  of  the  d.c,  generator 
and  again  converts  it  into  electrical  power  in  the  form  of  a  direct 
current.  The  first  cost  of  a  motor-generator  is  such  that  its  use  is 
usually  confined  to  large  establishments  handling  quite  a  number  of 
batteries,  though  motor  generators  are  now  made  in  much  smaller 
sizes  than  formerly. 

A.C.  Rectifiers.  Where  the  amount  of  charing  to  be  done 
does  not  warrant  the  investment  in  a  motor-generator,  a  rectifier 
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one.  This  b  a  bulb  exhausted  of  air  and  filled  with  a  special  gas  in 
which  a  heavy  tungsten-wire  filament  is  brought  to  incandescence 
by  the  passage  of  the  alternating  current.  This  filament  is  very 
short  and  thick,  its  diameter  depending  upon  the  capadty  of  the 

•  rectifier,  and  it  ts  placed  horizontally.  It 
constitutes  the  cathode  of  the  couple. 
Directly  oppo^te  It,  but  a  short  distance 
away,  is  the  anode  of  graphite  in  the  foriD 
of  a  button,  the  lower  face  of  which  is 
presented  to  the  tungsten  wire.  It  is  made 
in  three  sizes,  the  smallest  of  which  has  a 
capacity  of  but  2  amperes  and  b  designed 
for  charging  the  lotteries  of  small  portable 
lamps,  such  as  are  used  by  miners;  and 
for  charging  ignition,  call  bell,  burglar 
alarm  batteries,  and  the  like. 
'^"'  *'a  E^Twi^R^ifa?' **"  ^"  ^^  hirger  size,  as  shown  in  Fig. 

400,  the  bulb  is  moimted  in  an  iron  case, 
on  the  face  of  which  are  mounted  the  switch  for  alternating  cur- 
rent; an  ammeter  on  the  d.c.  side,  showing  the  charge  received 
by  the  battery;  and  a  dial  switch  for  adjusting  the  voltage  to 
the  number  of  batteries  to  be  charged.  There  is  a  compensatoi 
with  15  taps,  and  the  current  is  adjustable  by  steps  up  to  6  amperes. 
Anything  from  a  single  three-cell  battery  up  to  ten  of  such  unit£ 

Fil.  401.    IntpHar  View  of  Snull  Six  O.  E.  Tuncu  RccUSb 
CaurUiii  of  Gtnrral  EUctric  Com) 


(30  cells  in  all)  may  be  charged  at  once.  The  batteries  must  b< 
connecteil  in  series  and  then  it  is  only  necessary  to  turn  the  switcli 
of  the  a.c.  circuit.  In  case  the  alternating-current  supply  should  fail 
the  battery  cannot  diac\ia.T^  xiHoii^'Oosi  \w;aS«s,»sisi.*is».V»Sija 
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win  assume  its  task  again  automatically  as  soon  as  the  current  comes 
on.  This  is  the  &-ampere  75-volt  size.  It  is  also  made  in  a  &-ampere 
16-volt  size  designed  for  the  charing  of  a  three-  or  six-cell  starter 
battery  in  the  home  garage.  Fig.  401  shows  an  interior  view  of  this 
taze,  illustrating  the  position  of 
the  converting  bulb,  the  compen- 
sator, the  reactance  coil,  and  the 
fuses,  while  Fig.  402  illustrates 
the  6-ampere  75-volt  size,  show- 
ing the  panel  instrument,  i.e., 
switch,  ammeter,  and  regulating 
handle,  as  well  as  the  bulb  and 
fuses.  A  closer  view  of  the  bulb 
itself  is  shown  in  Fig.  403. 

Care  of  Battery  in  Winter. 
There  is  a  more  or  less  general 
impression  that  special  treatment 
must  be  given  the  storage  battery 
during  cold  weather.  This  is  probably  owing  to  the  fact  that  lack 
of  attention  makes  itself  apparent  much  more  readily  in  winter  than 
in  summer  because  of  the  lower  efficiency  of  the  battery  resulting 
from  the  lower  temperature.  The  care  necessary  in  winter  does  not 
vary  in  (iiiy  n-specl    fron 
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Make  the  usual  hydrometer  and  voltage  tests,  as  described 
imder  the  headmgs  in  question,  and  see  that  the  battery  is  constantly 
kept  more  fully  charged  than  would  be  necessary  to  render  satisfactory 
service  in  warmer  weather.  This  is  important  for  two  reasons: 
first,  because  of  the  greatly  increased  drain  on  the  battery  owing  to 
the  difficulty  of  starting  the  engine  when  cold;  and  second,  b^pause 
of  the  Uability  of  the  electrolyte  to  freeze  if  the  battery  is  allowed 
to  stand  discharged  in  very  cold  weather.  There  is  not  the  same 
excess  supply  of  current  available  for  charging  the  battery  in  winter 
as  there  is  in  summer,  as  the  lights  are  in  use  during  a  much  greater 
part  of  the  time  and  not  so  much  driving  is  Ukely  to  be  done  during 
the  day.  As  the  lamp  load  consumes  almost  the  entire  output  of  the 
generator  in  the  average  starting  and  lighting  system,  there  is  very 
little  left  for  the  battery  when  all  the  lamps  are  in  use.  The  practice 
of  turning  on  all. the  lights  on  the  car — ^headlights,  side  lights  spot 
light,  and  instrument  lights — whether  they  are  necessary  or  not, 
should  be  discouraged  in  winter,  as  it  is  likely  to  result  in  exhausting 
the  battery.  The  instrument  lights  are  usually  in  series  with  the 
tail  light,  and  so  cannot  be  dispensed  with,  but  it  is  never  necessary 
to  have  the  headlights  and  side  lights  going  at  the  same  time,  and 
this  also  appHes  to  the  spot  light,  which  consumes  almost  as  much 
current  as  one  of  the  headlights  and  should  be  restricted  to  the  use 
for  which  it  is  intended,  i.e.,  reading  signs  by  the  roadside. 

Unless  the  lamp  load  is  reduced,  it  may  be  necessary  to  increase 
the  charging  rate  of  the  generator  during  the  cold  months,  and  this 
is  not  beneficial  to  the  battery,  as  it  may  cause  severe  gassing  and 
injury  to  the  plates  when  continued  too  long.  In  case  the  car  is 
not  driven  enough  to  keep  the  battery  properly  charged,  it  may  be 
necessary  to  charge  it  from  an  outside  source  or,  if  the  latter  be  not 
available,  to  run  the  engine  with  the  car  idle  just  for  this  purpose. 
Care  must  be  taken  to  prevent  any  danger  of  freezing,  and  the  best 
method  of  doing  this  is  to  keep  the  battery  fully  charged,  as  when  in 
this  condition  it  will  freeze  only  at  very  low  temperatures.  The 
more  nearly  discharged  a  battery  is,  the  higher  the  temperature  at 
which  it  will  freeze,  and  freezing  will  ruin  the  cells,  regardless  of 
whether  it  hapi)ens  to  crack  the  jars  or  not. 

Why  Starting  Is  Harder  in  Cold  Weather.  The  electric  starting 
and  lighting  syslvMxi,  ot  t^iWx  ^Ja^^  ^\«rt\i^^\i^\XKt^  ^^\:i^^\s.S^s.TS!L^kM&r 
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stay,  is  much  more  severely  taxed  in  winter  than  in  summer  for  the 
following  four  reasons: 

(1)  The  efficiency  of  the  storage  batterj'  decreases  with  a 
decrease  in  temperature,  because  the  action  of  the  storage  battery  is 
chemical,  and  chemical  action  is  dependent  upon  heat  and,  therefore, 
alwaj-s  decreases  as  the  temperature  decreases. 

(2)  The  lower  the  temperature  the  stifTer  the  lubricating  oil, 
which  gums  the  moving  parts  together,  adding  a  very  considerable 
load  to  the  ordinary  amount  of  inertia  which  the  starting  motor 
must  overcome  and  likewise  adding  to  the  difficulty  of  turning  the 
engine  past  compression. 

(3)  Gasoline  will  not  vaporize  readily  at  a  low  temperature,  so 
that  it  is  necessary  to  turn  the  engine  over  a  great  many  revolutions 
before  the  cylinders  become  sufficiently  warmed  from  the  friction 
and  the  repeated  compression  to  create  an  explosive  mixture.  The 
better  the  mixture  the  more  readily  it  will  fire,  and  consequently 
a  greater  heat  value  is  required  in  the  spark  to  ignite  it  where  the 
mixture  \»  poor  or  only  partly  vaporized.  Anything  that  reduces 
the  efficiency  of  the  storage  battery  likewise  reduces  the  heat  value 
of  the  ignition  spark. 

(4)  Low  heat  value  of  the  spark  often  makes  it  difficult  to 
start  an  engine  when  cold.  This  lack  of  heat  in  the  spark  is  caused 
by  a  partially  discharged  battery  as  well  as  the  lower  efficiency  of 
the  battery  caused  by  the  cold  weather;  also  by  the  necessity  for 
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of  tli«  starting  and  lifting  s>'stem  ue  designed  to  give  sati^acton- 
3f:n:\ix  in  ctAd  weather,  but  ss  a  ver>'  low  tempenture  brings  about 
crtnditionii  representing  the  maximum  for  wfaidi  tbes>'5tem  is  designed, 
m«)re  skillful  handling  is  necessary  in  winter  thaa  In  summer  to  obtain 
equally  good  results. 

To  Test  Rate  of  DtedufKC.  If  the  hmttery  terminals  art 
removable,  take  off  eithei  the  positive  or  die  n^ati^-e  tenninal, 
and  connect  the  ^unt  of  the  ammeter  to  the  terminal  post  and  to 
the  cable  which  has  been  removed,  binding  or  wiring  It  ti^tly  in 
place  to  insure  good  contact.  Where  the  battery  terminals  an 
not  easily  removable,  insert  the  shunt  in  the  first  joint  In  the  line, 
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as  sliovvn  in  tlic  illustration.  Fig.  404.  Then  connect  the  ammeter 
tcniiiriiils  tii  tlic  shunt.  In  case  the  instrument  shows  a  reverse 
niiiiiiin,  rfvcrsc  tlic  connections  to  the  shunt.  When  the  ammeter 
i^  connected  to  test  for  discharge,  the  starter  must  never  be  used 
unless  the  :{lM)-ani]HTe  siuuit  is  in  circuit,  as  otherwise  the  instrument 
is  lik<l\'  to  he  ilamugcil.  If  a  shunt  of  smaller  capacity  or  a  self- 
eoTitJiiiicd  arnuictcr,  i.e.,  one  designed  to  be  connected  directly  in 
the  line  is  eiiipldvcd,  and  it  is  necessary  to  start  the  engine,  either 
crank  by  hand  or  disconnect  the  ammeter  before  using  the  starting 
motor. 
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When  the  ammeter  is  connected  to  show  the  discharge  and  do 
Bg^ts  are  on,  the  engine  being  idle,  no  current  is  being  used  for  any 
purpose,  and  the  pointer  of  the  ammeter  should  remain  at  zero.  If 
any  flow  of  current  (discharge)  is  indicated,  it  shows  that  there  is 
•  ground  or  a  short-circuit  (a  leak)  somewhere  in  the  system.  In 
such  a  case,  apply  the  usual  tests  described  under  the  appropriate 
headings  for  locating  grounds  and  short-circuits. 

.With  the  ammeter  connected  up  as  shown  in  the  illustration, 
the  discharge  rate  of  the  battery  under  the  various  loads  it  is  called 
upon  to  cany  may  be  checked  up,  and,  if  it  proves  to  be  excessive 
in  any  case,  the  trouble  may  be  remedied.  For  example,  with  the 
300-ampere  shunt  in  the  line,  the  amount  of  energy  consumed  by 
the  starting  motor  may  be  cheeked.  Without  knowing  how  much 
current  a  certain  make  of  starting  motor  should  consume  in  turning 
over  a  given  tjT)e  of  engine,  it  will  naturally  be  impossible  to  make 
any  intelligent  comparisons  with  the  result  of  the  tests.  This  infor- 
mation, however,  is  readily  obtainable  from  the  manufacturer  of 
the  starting  system,  and  it  will  be  found  advantageous  to  obtain 
details  of  this  nature  covering  the  various  systems  in  general  use  in 
your  locality,  as  it  will  enable  you  to  make  these  tests  valuable  in 
correcting  faults.  While  the  starting  loads  imposed  on  the  electric 
motor  by  different  engines  will  vary  greatly,  the  general  nature  of 
the  load  will  be  practically  the  same  in  all  cases.  When  the  starter 
switch  is  closed,  there  will  be  an  excessive  discharge  rate  from  the 
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will  require  more  power  to  move  it  at  first  than  if  it  had  been  nmninj 
only  a  few  minutes  before.  As  a  general  rule,  more  power  wil 
always  be  needed  in  winter  than  in  smnmer,  unless  the  tests  ar 
carried  out  in  a  well-heated  garage.  The  condition  of  the  engin 
itself  will  also  have  an  important  bearing  on  the  significance  of  th 
tests,  as,  if  the  engine  has  been  overhauled  recently,  its  main  bearing 
may  have  been  tightened  up  to  a  point  where  the  engine  as  a  whol 
is  very  stiff. 

Note  also  whether  the  discharge  rate  falls  off  as  quickly  as  i 
should  when  the  engine  begins  to  turn  over  rapidly.  If  it  does  nol 
this  also  is  an  indication  of  tight  bearings,  gunmded  lubricating  oil 
or  similar  causes,  rendering  the  engine  harder  to  turn  over.  Ii 
the  case  of  a  cold  engine,  stiffness  due  to  the  lubricating  oil  may  b 
remedied  by  running  it  for  ten  or  fifteen  minutes,  and  a  subsequen 
test  should  then  agree  with  the  manufacturer's  rating.  Where  th 
discharge  rate  does  not  drop  to  a  nominal  amperage  within  a  te\ 
seconds  from  the  time  of  closing  the  switch,  it  is  simply  an  indicatioi 
that  the  essentials  of  the  engine  are  not  in  the  best  of  working  order 
The  carburetor  may  not  be  working  properly,  or  the  ignition  ma; 
be  sluggish. 

In  case  the  discharge  rate  is  very  much  less  than  that  called  fo 
by  the  manufacturer  for  that  particular  engine,  it  is  an  indicatioi 
that  the  starting  system  itself  is  not  in  the  best  condition.  Poo 
connections,  worn  brushes,  loose  brush  springs,  a  dirty  switch,  o: 
some  simihir  cause  is  greatly  increasing  the  resistance  in  the  starting 
circuit,  thus  cutting  down  materially  the  amount  of  current  that  tb 
battery  can  force  through  it.  In  such  circumstances,  the  discharge 
may  not  reach  so  high  a  rate  as  that  called  for  by  the  manufacturer 
but  to  efTect  a  start,  even  with  the  engine  in  normally  good  condition 
a  high  rate  will  have  to  be  continued  longer,  to  the  correspondingb 
greater  detriment  of  the  battery.  In  other  words,  a  great  deal  mon 
current  must  be  drawn  from  the  battery  each  time  the  engine  i: 
started.  Thus,  testing  the  rate  of  discharge  may  be  made  to  serv^ 
as  an  indication  of  the  condition  of  both  the  starting  system  anc 
the  engine  itself.  Should  it  be  necessary  to  make  more  than  eigb 
or  ten  starts  to  dctcnnine  definitely  the  cause  of  any  variation  betweei 
the  discharge  rates  shown  and  those  that  should  be  indicated,  witl 
everything  in  uormaWy  ^ooA.  eo\vd[\\AOTv^>^^\i!^\XR:r3  -^^-^^^  V«.  tvslb 
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fcdiarged  before  proceeding  any  further,  as  using  it  for  this  purpose 
~  irben  almost  exhausted  is  very  likely  to  damage  it.  Tests  of  this 
Idnd  show  also  whether  the  efficiency  of  the  battery  has  fallen  ofF 
substantially  or  not,  as  indicated  by  its  condition  after  making 
several  starts  in  succession.  When  this  has  been  done,  the  battery 
may  be  tested  with  the  voltmeter  and  hydrometer  to  ascertain  bow 
far  it  lias  been  discharged.  The  fact  that  after  having  been  in  service 
for  some  time  a  starting  system  will  not  start  the  engine  so  many 
times  without  exhausting  the  battery  as  it  would  when  new  may 
be  due  either  to  a  loss  of  efficiency  in  the  battery  or  to  the  poor 
condition  of  the  other  essentials  of  the  system.  In  the  majority  of 
cases,  however,  it  will  be  due  to  the  condition  of  the  battery. 

By  substituting  the  30-ampere  shunt  for  the  300-ampere,  the 
load  put  on  the  battery  by  the  lights  when  switched  on  in  vanous 
combinations  ma,^'  be  checked  and  compared  with  the  manufacturer's 
ratings.  Where  the  discharge  rate  for  the  lights  is  less  than  it  should 
be,  it  may  be  due  to  the  use  of  bulbs  which  have  seen  a  great  deal 
of  ser\'ice,  the  resistance  of  the  filaments  increasing  with  age,  or 
other  causes  which  place  more  resistance  in  the  circuit,  such  as  poor 
connections,  loose  or  dirty  switches,  and  the  like.  Tests  may  also 
be  made  of  the  ignition  system  where  the  battery  is  called  upon  to 
supply  current  to  a  distributor  and  coil  by  putting  the  3-ampere 
shunt  in  the  circuit.  The  amount  of  current  required  by  the  ignition 
system  is  very  small  when  everj-thing  is  in  normal  working  order, 
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accordingly  when  noting  the  instrument  on  the  road.  In  case  it  is 
very  large,  the  dash  ammeter  itself  should  be  adjusted,  which  can 
frequently  be  done  merely  by  bending  the  pointer. 

With  the  engine  rimning  fast  enough  to  give  the  maximun 
charging  rate,  which  is  indicated  by  the  fact  that  the  ammetei 
needle  stops  rising,  check  the  charging  rate  shown  on  the  portabh 
ammeter,  bearing  the  following  in  mind:  In  the  majority  of  cars 
the  generator  is  regulated  to  charge  the  battery  at  from  10  to  1( 
amperes.  Some  are  designed  to  charge  at  as  low  a  rate  as  7  amperes 
Unless  the  proper  charging  rate  is  definitely  known,  whateve: 
maximum  the  portable  ammeter  shows  may  usually  be  assumed  U 
be  correct.  Where  the  rate  is  less  than  7  amperes  it  may  generally 
be  taken  for  granted,  however,  that  the  battery  is  undercharging 
and  the  various  tests,  described  in  detail  under  appropriate  headings 
may  be  applied  to  locate  the  trouble  either  in  the  generator  or  ii 
the  automatic  cut-out.  This  applies  where  the  charging  rate  is  tot 
high  as  well  as  where  it  is  too  low. 

The  charging  rates  mentioned  above  naturally  apply  only  to  i 
6-volt  battery,  or  to  a  battery  having  a  greater  number  of  cells 
which  is  connected  in  series  multiple  so  as  to  charge  at  6  volts 
In  the  case  of  a  six-cell  battery  permanently  connected  in  series  s( 
that  it  both  charges  and  discharges  at  12  volts,  the  above  figure; 
must  1)0  cut  in  half.  Twelve-cell  batteries  are  employed  in  somi 
cases,  but  the  total  voltage  of  the  battery  is  used  only  for  starting 
the  cells  being  divided  into  four  groups  in  series  multiple  so  thai 
each  group  of  three  cells  charges  at  6  volts. 

With  tiic  generator  charging  at  10  to  15  amperes,  turn  on  al 
the  lights.  If  more  current  is  being  drawn  from  the  battery  thai 
is  being  supplied  by  the  generator,  this' will  be  indicated  by  th< 
anuneter  showing  a  reverse  reading  or  discharge.  It  signifie 
that  there  is  a  short-circuit  in  the  lighting  switch  or  the  lamps,  oi 
in  the  wiring  between  the  switch  and  the  lamps,  or  that  additiona 
lights,  other  than  those  furnisluKl  originally  with  the  system,  hav^ 
been  addinl,  or  larger  candle-power  bulbs  substituted,  thus  placing 
too  great  a  demand  on  the  battery. 

If  the  system  has  been  out  of  adjustment  for  any  length  o 
time,  it  is  quite  likely  that  the  battery  will  shortly  need  repairs  o; 
replaaunent,  because  char^iu^  at  au  excessive  rate  causes  the  plate 
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to  buckle  and  break  through  the  separators,  forming  an  internal 
riuxt-circuit,  while  charging  at  too  low  a  rate  causes  a  constantly 
disdiarged  condition  of  the  battery,  due  to  more  current  being 
tKVmally  called  for  than  is  put  in.  This  results  in  injurious  sulphating 
of  the  plates. 

In  case  additional  equipment  has  been  added,  the  entire 
equipment  should  be  turned  on,  and  the  total  current  required  should 
be  noted  when  making  discharge-rate  tests.  Where  the  generator 
cannot  supply'  sufficient  current  to  permit  the  battery  to  take  care 
ot  thb  extra  equipment,  the  battery  should  be  charged  from  an 
outside  source  at  regular  intervals.    It  is  poor  practice  to  increase 
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Connections  for  Ttoo-VoHage  Batteries.  Where  the  battery  is  of 
either  three  or  six  cells,  all  connected  permanently  in  series,  the 
foicgoing  suggestions  for  connecting  the  testing  instruments  apply. 
They  must  be  varied,  however,  where  tests  are  to  be  made  of  batteries 
connected  in  series  multiple,  which  may  be  termed  two-voltage 
batteries  since  they  supply  current  at  one  voltage  for  lighting  and 
at  another  for  starting.  In  Fig.  405  is  shown  a  battery  of  this  t^Tpe 
which  is  connected  so  as  to  charge  and  discharge  through  the  starting 
motor  at  12  volts,  but  which  discharges  at  6  volts  to  supply  the 
lamps  through  a  neutral  lead  in  the  center  of  the  battery.  The 
sketch  indicates  where  to  connect  the  ammeter  shunt  on  charge  at 
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FJK    100.    Twolve-Volt  Battery  Connected  Up  to  Make  Two  6-Volt 

Batteries  in  Parallel 

12  volts  and  on  discharge  at  6  volts.    ^Vhen  testing  the  starting-motor 
discharge,  it  would  be  connected  for  12  volts. 

Test  the  12-volt  circuit  with  the  engine  running  to  get  the 
charging  rate;  stop  the  engine,  reverse  the  anmtieter  terminals  and 
see  whether  there  is  any  discharge  indicating  a  short-circuit.  Also 
test  the  discharge  rate  on  the  6-volt  circuit  with  the  lights  tmrned  off 
and  again  with  all  lights  on.  These  tests  should  show  whether  or 
not  there  is  a  short-circuit  in  the  system.  Before  attempting  to 
test  the  discharge  rate  of  the  starting  motor,  be  certain  that  the 
30()-ainpere  shunt  is  in  the  circuit.  A  12-vok  battery  will  discharge 
only  about  half  the  current  necessary  to  start  the  engine  with  a 
6-volt  battery,  but  no  shunt  smaller  than  the  300-ampere  size  can 
be  depended  upon  to  carry  the  load  safely  and  protect  the  instrument. 
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Big.  406  shows  a  12-volt  battery  connected  up  in  such  a  manner 
^t  it  is  practically  two  6-volt  batteries  in  parallel.  The  battery 
i  is  dialled  at  6  volts,  and  both  the  lights  and  hom  are  supplied  with 
I  current  at  this  voltage,  but  the  discharge  through  the  starting  motor 
is  at  12  volts.  Note  the  two  positive  cables  leading  to  the  center 
of  the  battery.  To  test  the  charging  rate,  the  ammeter  shunt  should 
be  connected  first  in  one  of  these  cables  and  then  in  the  other,  and 
the  two  readings  added  together  to  obtain  the  charging  rate  for  the 
entire  battery.  The  same  locations  for  the  shunt,  and  the  same 
method  of  adding  the  readings  also  apply  on  discharge.  Ammeter 
readings  in  the  connections  shown  will  indicate  whether  or  not 
there  are  any  short-circuits,  except,  of  course,  in  the  starting-motor 
cable. 

Voltage  Tests.  An  equally  important  instrument  for  the  testing 
of  the  storage  battery  is  the  voltmeter.  It  is  chiefly  useful  in  showing 
whether  a  cell  is  short-circuited  or  otherwise  in  bad  condition.  Under 
some  conditions,  it  indicates  when  the  battery  is  practicaUy 
discharged,  but,  like  the  hydrometer,  it  must  not  be  relied  upon 
alone.  It  should  be  used  in  conjunction  with  the  hydrometer  readings 
to  insure  accuracy.  Since  a  variation  as  low  as  .1  (one-tenth)  of  a 
volt  makes  con»derable  difference  in  what  the  reading  indicates  as 
to  the  condition  of  the  battery,  it  will  be  apparent  that  a  cheap 
an<l  inaccurate  voltmeter  is  likely  to  be  misleading  rather  than 
helpful.     For  garage  use,  a  good  reliable  instrument  with  several 
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in  contact  with  the  poative  terminal  of  the  battery,  and  the  ne^tive 
terminal  of  the  voltmeter  with  the  negative  terminal  of  the  battery. 
If  the  markings  of  the  cell  terminals  are  indistinct,  the  proper  terminals 
may  be  determined  by  connecting  the  voltmeter  across  any  one  cell. 
Should  the  pointer  not  ^ve  any  voltage  reading,  butting  up  against 
the  stop  at  the  left  instead,  the  connections  are  wrong  and  should 
be  reversed ;  if  the  instrument  shows  a  reading  for  one  cell,  the  po^tive 
terminal  of  the  voltmeter  is  in  contact  with  the  positive  of  tbe  cell. 
This  test  can  be  made  with  a  voltmeter  without  any  risk  of  short- 
circuiting  the  cell,  since  the  voltmeter  is  wound  to  a  high  resistance 
and  will  pass  very  little  current.   This  is  not  the  case  with  an  ammeter, 
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however,   as  connecting   such   an   instrument  directly  across  the 
teniiiiials  of  the  battery  will  immediately  burn  out  the  ammeter. 

Inasmuch  a»  any  celt,  when  idle,  will  show  approximately  2 
volts,  rcgunlless  iif  whether  it  Js  fully  charged  or  not,  voltage  readings 
taken  wlicii  the  battery  is  on  open  circuit,  i.e.,  neither  charging 
nor  discharging,  are  practically  valueless,  except  when  a  ceU  «  otrf 
(if  order.  Therefore,  a  l(ju<l,  such  as  switching  on  the  lamps,  should 
be  put  on  tlie  batterj-  before  making  voltage  tests.  With  the  lights 
on,  connect  the  voltmeter  as  explained  above  and  test  the  individual 
(t'lb,  Fis-  ^"~  (IVst-O-l.ite).  If  tlie  battery  is  in  good  condition, 
the  voltage  readings  after  tlic  load  has  lH>en  on  for  about  five  minutes 
will  be  but  slightly  lower  (jihmit  one-tenth  of  a  volt)  than  if  tbe  battery 
were  on  open  circuit.    If  any  of  the  cells  are  completely  discharged, 
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the  voltage  of  these  ceils  will  drop  rapidly  when  the  load  is- first 
put  on  and,  sometimes  when  a  cell  is  out  of  order,  even  show  reverse 
readings.  Where  the  battery  is  nearly  discharged,  the  voltage  of 
each  cell  will  be  considerably  lower  than  if  the  battery  were  on  open 
circuit  after  the  load  has  been  on  for  five  minutes.  In  the  case  of  an 
electric- vehicle  battery,  the  lights  alone  would  not  provide  sufficient 
load  for  making  an  accurate  test,  so  that  one  of  the  rear  wheels  may 
be  jacked  up  and  the  brake  set  lightly  until  the  ammeter  on  the 
dash  of  the  car  shows  50  to  70  per  cent  of  the  usual  normal  reading. 
To  do  this,  start  the  motor  on  first  speed  with  the  brakes  loose, 
and  apply  the  brakes  slowly  until  the  desired  load  is  shown  by 
the  ammeter  reading.  Never,  under  any  circumstances,  attempt  to 
start  with  the  brakes  locked  or  on  hard,  as  both  the  battery  and  the 
motor  will  be  damaged.  In  the  case  of  a  starting-system  battery, 
the  lights  alone  are  sufficient  load,  as  they  consume  about  10  amperes. 
To  distinguish  the  difference  between  cells  that  are  merely 
discharged  and  those  that  are  out  of  order,  put  the  battery  on  charge 
(crank  the  engine  by  hand  in  the  case  of  a  starter  battery)  and  test 
again  with  the  voltmeter.  If  the  voltage  does  not  rise  to  approxi- 
mately 2  volts  per  cell  within  a  short  time,  it  is  evidence  of  internal 
trouble  which  can  be  remedied  onlj'  by  dismantling  the  cell, 

Temperaiure  Variations  in  Voltage.  It  must  be  considered,  in 
making  voltage  tests,  that  the  voltage  of  a  cold  battery  rises  slightly 
above  normal  on  discharge.    The  reverse  is  true  of  a  really  warm 
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directed,  as  they  are  the  result  of  several  years'  experience  in  this 
work,  and  considerable  care  has  been  used  in  checking  them.  The 
sizes  of  the  tanks  given  are  merely  indicative  of  what  a  very  large 
repair  shop  would  require  and  are  comparative  only.  They  will 
naturally  vary  with  the  amount  of  work  to  be  done. 

Cleaning  Outfit.  The  cleaning  outfit  should  consist  of  three 
sheet-steel  tanks,  Fig..  408,  of  suitable  size  (35  gallons  for  a  large 
shop)  mounted  so  that  their  contents  may  be  kept  heated  to  the 
desired  temperature,  three  stone  jars  of  approximately  15  gallons 
capacity,  and  a  sawdust  box.  Two  of  the  steel  tanks  should  be 
equipped  with  overflow  pipes  so  that  they  can  be  kept  about  two- 
thirds  full  at  all  times.  These  are  tanks  No.  1  and  No.  2.  They  are 
used  for  clear  hot  water  for  rinsing  parts  after  they  have  been  cleaned. 
The  third  tank  does  not  require  a  drain  nor  an  overflow  pipe  and  is 
used  for  the  potash  or  caustic  soda  solution.  This  can  be  used  for 
a  long  time  without  changing  by  simply  adding  a  small  amount  of 
soda  as  the  solution  weakens.  All  three  tanks  are  maintained  at  a 
temperature  of  180°  to  212°  F.,  or  approximately  the  boiling  point. 

The  three  jars  mentioned  are  used  for  the  acid  solutions  and  are 
referred  to  as  jars  No.  1 ,  No.  2,  and  No.  3.  A  wood  tank  large  enough 
to  hold  the  three  jars  afid  divided  into  two  compartments,  as  shown 
in  Fig.  408,  should  be  provided.  This  is  important,  as  the  parts 
caimot  be  rinsed  in  the  same  cold  water  after  being  inmiersed  in  the 
different  acid  solutions.  The  solutions  recommended  are  in  tanks 
1  and  2,  clear  hot  water;  tank  3,  a  solution  consisting  of  one  pound 
of  caustic  soda  per  gallon  of  water.  Jar  No.  1  is  filled  with  a  solution 
consisting  of  four  gallons  of  nitric  acid,  one  gallon  of  water,  and  six 
gallons  of  sulphuric  acid.  The  water  is  placed  in  the  jar  first,  the 
nitric  acid  is  added  slowly,  and  the  sulphuric  acid  is  poured  in  last. 
This  order  must  be  strictly  followed,  as  it  is  dangerous  to  mix  a 
solution  of  these  acids  in  any  other  manner.  In  jar  No.  2,  the  solution 
is  one  gallon  of  hydrochloric  acid  to  three  gallons  of  water,  while 
jar  No.  3  contains  a  solution  of  one-half  pound  of  cyanide  to  a  gallon 
of  water.  Tank  Xo.  2  should  be  used  only  for  parts  which  have 
been  in  the  potash  sohition  and  for  no  other  purpose.  Tank  No.  1 
is  for  general  rinsing  purposes. 

Method  of  Cleaning'  Parts.     Various  metals  are  cleaned  as  follows: 
Steel  is  boiled  in  the  potash  solution  until  the  dirt  is  removed,  which 
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ikoiild  require  only  a  few  minutes.  The  steel  part  is  then  rinsed 
ia  tank  No.  2  and  dried  in  sawdust.  Cast  iron  parts  are  boiled 
in  the  potash  solution  to  remove  dirt,  rinsed  in  tank  No.  2,  dipped 
ia  the  acid  solution  in  jar  No.  1,  rinsed  thoroughly  in  cold  clear 
water,  dipped  in  the  cyanide  solution,  rinsed  again  in  cold 
dear  water,  then  rinsed  in  tank  No.  1  and  dried  in  sawdust.  Copper 
can  be  cleaned  in  the  same  manner.  Polished  aluminum  should 
first  be  thoroughly  washed  in  gasoline,  rinsed  in  tank  No.  1 ,  dipped 
in  the  acid  solution  in  jar  No.  1,  rinsed  fhoroughly  in  cold  clear 
water,  rinsed  in  tank  No.  1,  and  dried  in  sawdust.  Plain  aluminum, 
unpolished,  should  be  dipped  in  the  potash  solution,  rinsed  in  tank 
No.  2,  dipped  for  a  few  seconds  in  the  acid  solution,  rinsed  in 
tank  No.  2,  dipped  for  a  few  seconds  in  the  acid  solution  in  Jar 
Xo.  1,  rinsed  in  cold  water,  then  rinsed  in  tank  No,  1,  and  dried  in 
sawdust. 

It  will  be  noticed  that  when  aluminum  is  put  into  the  potash 
solution  the  metal  is  attacked  and  eaten  away  rapidly,  so  that 
polished  parts  of  this  metal  should  not  be  put  into  this  solution, 
and  any  aluminum  parts  should  not  be  left  in  for  a  moment  longer 
than  necessary.  Where  the  parts  are  covered  with  caked  deposits 
of  hard  grease,  they  should  first  be  washed  in  gasoline.  Aluminum 
parts  should  never  be  put  into  the  potash  solution  unless  they  can 
be  put  through  the  acid  immediately  after,  as  the  acid  dip  neutralizes 
licet  of  the  potash  solution.     I'arts  should  only  i>e  heli!  in  tiie 
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ELECTRIC    STARTING  AND   LIQHTINQ 

SYSTEMS— (Continued) 


SUMMARY  OF  INSTRUCTIONS  ON  ELECTRIC 
STARTING  AND  LIQHTINQ 

It  will  be  apparent  from  the  foregoing  description  of  the  various 
systems  tbat  while  the  majority  differ  more  or  less  in  detail  all  are 
based  on  a  comparatively  small  number  of  well-defined  prindples, 
and  that  once  these  are  mastered  their  application  in  any  system 
under  consideration  will  be  clear.  To  avoid  unnecessary  duplication 
in  the  instructions  covering  points  that  are  common  to  all,  general 
instructions  have  been  given  only  in  connection  with  one  or  two 
systems,  and  it  will  be  understood  that  descriptions  of  the  methods 
of  locating  short-drcuits  or  grounds,  of  caring  for  brushes  and  com- 
mutator, and  of  testing  with  a  portable  lamp  or  with  the  volt-nmmeter 
are  equally  applicable  to  all.  The  instructions  gi\en  with  other 
systems  accordingly  are  limited  to  special  references  to  the  details 
of  installation  that  will  make  it  easier  to  locate  faults  in  that  par* 
ticiilar  system. 

In  order  to  bring  the  two  together  in  such  form  that  the  par- 
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wound,  cumulative  compound-wound,  and  the  like,  that  is,  sU 
lighting  generators  have  a  shunt^and  a  series  winding  on  their  fieHs, 
but  the  relation  of  these  windings  to  one  another  differs,  depending 
upon  the  characteristics  of  the  reqaainder  of  the  system. 

Q.    What  is  a  differential  compound-wound  generator? 

A.  One  in  which  the  serieswinding  is  reversed,  i.e.,  wound  m  a 
direction  opposite  to  that  of  the  shunt  winding  so  that  its  exciting 
effect  on  the  field  magnets  opposes  that  of  the  shunt  winding.  The 
series  winding  is  then  termed  ■  a  bucking  coil  because  it  bucks, 
or  opposes,  the  exciting  effect  of  the  shunt  winding  on  the  field  mag- 
nets as  the  speed  increases.  The  series  winding  in  this  case  is  used 
simply  for  regulating. the  generator  output. 

Q.    What  is  a  cumulative  compound-wound  generator? 

A.  One  in  which  the  exciting  effect  of  the  series  coil  is  added  to 
that  of  the  shunt  coil,  the  series  coil  in  this  case  having  no  connection 
with  the  regulation  of  the  generator  output. 

Q.  As  one  of  the  chief  requirements  of  an  efficiently  operating 
system  is  the  control  of  the  generator  output  under  widely  varying 
speeds,  how  is  a  generator  of  th^  cumulative  compound-wound  type 
employed  on  the  automobile? 

A.  The  series  winding  is  in  practically  an  independent  circuit 
in  connection  with  the  lamps  of  the  car  so  that  its  exciting  effect  is  not 
added  to  the  field  magnets  except  when  the  Ughts  are  switched  on. 
This  automaticiilly  increases  the  generator  output  in  accordance  with 
the  number  of  lights  turned  on  so  .that  the  lights  have  no  effect  on  the 
battery  charging  rate,  which  remains  the  same  whether  the  lights  are 
on  or  off.  An  external  regulator  is  employed  to  control  the  battery- 
cliarging  rate. 

Q.     How  does  the  generator  differ  from  the  motor? 

A.  Its  essentials  are  all  the.same,  i.e.,  it  has  a  wound  armature 
revolving  in  a  magnetic  field,  cotiamutator,  brushes,  etc.,  exactly  the 
same  as  the  generator. 

Q.    This  being  the  case,  why  are  the  two  not  interchangeable? 

A.  To  a  certain  extent  they  are,  that  is,  when  a  current  is  sent 
through  the  generator  from  an  outside  source,  it  becomes  motorized 
and  will  run  as  a  motor.  But  the  two  are  far  from  being  interchange- 
able on  the  automobile,  owing  to' the  widely  differing  requirements  for 
which  they  are  ilesigned.     The  generator  is  wound  to  produce  a  cur- 
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'^tit  seldom  exceeding  a  value  of  20  amperes  while  being  driven  over  a 
^ide  range  of  speeds,  and  it  is  in  qpnstant  operation.  The  starting 
tlotor,  on  the  other  hand,  b  designed  to  utilize  an  extremely  heavy 
current,  ranging  up  to  300  amperes  or  more  at  the  moment  of  starting 
u>d  is  only  used  for  very  short  periods. 

Q.  How  are  these  widely  varying  requirements  reconciled  in 
the  single-unit  type,  in  which  both  the  generator  and  the  motor  are 
combbied  in  one  machine? 

A.  The  machine  is  practically  two  units  in  one,  i.e.,  there  are 
two  totally  different  windings  on  the  same  magnet  cores,  a  fine  wind- 
ing with  shunt  fields  for  the  generator,  and  a  ver>'  heavy  simple  series 
winding  for  the  motor  end.  In  some  cases,  as  in  the  Delco,  the  differ- 
ent windings  on  the  armature  are  brought  out  to  independent  commu- 
tators. \Miile  combined  on  one  set  of  magnet  cores,  there  is  no 
connection  whatever  between  the  two  windings  in  such  a  machine,  so 
that  when  operating  as  a  generator  the  motor  windings  are  dead,  and 
the  reverse  is  true  when  being  used  as  a  starting  motor. 

Q.  What  are  the  characteristics  of  the  single-unit  type  of 
machine  which  Is  simply  placed  in  circuit  with  the  battery  by  a  hand- 
operated  switch  when  starting  and  left  in  that  relation  as  long  as  the 
enfine  is  running? 

A.  This  is  a  variable-potential  type  in  which  the  relation  that  it 
bears  to  the  battery  and  to  the  engine  is  entirely  dependent  upon  the 
speed  of  the  engine,  that  is,  the  speed  at  which  the  machine  is  driven. 
\\'ben  the  switch  is  closed,  curreixt  from  the  battery  operates  the 


624 


ELECTRICAL  EQUIPICENT 


at  generator,  regulator,  cnt^out,  ground,  or  battery  terminal! 
failure  of  cut-out  to  operate  at  proper  voltage;  worn  or  pitted  coi 
tacts  in  regulator  or  cut-out;  loose  connections  at  iMiiah  holder 
short-circuited  coils  in  the  armature;  some  of  the  annature-cc 
connections  broken  away  from  the  commutator;  short-drcuiu 
bars  in  the  commutator. 

Q.    How  can  tlia  fCiierator  output  be  tesled? 

A.  The  simplest  method  is^  switch  on  all  the  lamps  wii 
the  enfpne  idle.  Start  the  engine  and  speed  up  to  equivalent 
15  miles  per  hour.  The  lights  should  brighten  very  perceptibt 
the  test  being  made  indoors  in  the  daytime  with  the  lights  directi 
against  a  dark  wall,  or  preferably  at  nig^t.  A  more  accurate  te 
can  he  made  with  the  portable  volt«mmeter,  using  the  30-ampe 
shunt.  Most  generators  have  an  average  current  output  of  10 
12  amperes,  but  the  normal  output  as  given  by  the  maker  shou 
be  checked  before  making  the  test.  Generators  having  a  constan 
voltage  control  will  show  a  greatly  increased  output  if  the  battel 
charge  is  low,  ninning  up  to  20  amperes  or  over.  On  such  machine 
the  cf>nditif)n  of  the  battery  shouM  be  checked  either  with  tl 
hyrirornpt^r  or  with  the  voltmeter  before  making  the  test.  Tl 
char^in^  miTent  should  be  10  to  12  amperes  with  a  fully  charge 
battf ry,  and  morf  in  propr>rtion  when  only  jNirtly  charged. 

Q.  What  other  simple  method  is  there  of  determining  quk:k 
whether  the  generator  is  producing  its  normal  output  or  not? 

A.  (>n  K<*nerators  having  an  accessibly  located  field  fuse  (the 
arr  s^-vrral  makes)  lift  this  fuse  out  and,  with  the  engine  runnii 
at  a  sf)rf'(l  f*c|t]ivalc'nt  to  10  miles  per  hour  or  more,  touch  the  fu; 
trrrninaU  lightly  to  the  dips.  If  the  machine  is  generating  proper! 
thpTP  will  )h*  a  bright  hot  spark.  Should  no  spark  appear,  replat 
the  fijs#»  and  hrirlgc  the  terminals  with  a  pair  of  pliers  by  touching  tl 
jaws  to  the  fiis^*  clips;  if  a  spark  ap|)ear8,  the  fuse  has  blown.  Befoi 
replaeing  with  a  new  fuse,  find   the   short-circuit  or  other  caus 

Q.  Granting  that  the  fuse  has  not  blown,  that  the  cutK>u 
regulator,  and  wiring  are  all  in  good  conditton,  and  still  the  gei 
erator  does  not  produce  any  current,  what  is  likely  to  be  the  caus< 

i\.  One  of  the  brushes  may  not  be  touching  the  commutato 
a  brush  connection  may  have  bn>ken,  or  carbon  dust  may  have  shor 
circuited  the  anwalwrti  v)t  fiald  v;v\\du\^s«    Test  for  short-circuit 
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Q.  If  the  machine  is  generating  current,  and  the  auxiliary 
devices  and  wiring  are  in  good  condition,  but  the  flattery  does  not 
charge,  what  is  the  cause? 

A.  Short-circuit  in  the  battery  due  to  active  material  having 
been  forced  out  of  the  plates,  or  accumulatioii  of  sediment  touching 
plates  at  their  lower  ends.    (See  Battery  Instructions.) 

Q.  Is  the  regulator  ever  reqx>nsible  for  a  falling  off  in  the 
current  or  for  generation  of  excessive  current? 

A.  Yes.  Any  irregularity  in  the  operation  of  the  regulator 
will  affect  the  output  of  the  generator. 

Q.    How  can  this  be  overcome? 

A.  This  will  depend  upon  the  type  of  r^ulation  employed 
(see  Regulation).  Where  the  method  of  regulation  is  inherent, 
i.e.,  forming  part  of  the  construction  of  the  generator  itself,  such 
as  the  third-brush  method,  or  a  bucking  coil,  it  may  be  remedied 
by  cleaning  and  seating  the  brush  properly  or  by  testing  the  bucking- 
coil  winding  to  see  if  its  connections  are  tight  and  dean,  or  if  it  is 
short-circuited  (see  Windings).  If  cleaning  and  sanding-in  the 
brush  do  not  cause  the  generator  to  produce  its  normal  output,  the 
brush  itself  may  be  adjusted  by  shifting  its  location.  Moving  it 
backward  or  against  the  direction  of  rotation  of  the  commutator 
will  reduce  the  output;  moving  it  forward  or  in  the  direction  of 
rotation  will  increase  the  output.  This  refers  specifically  to  the 
Delco  regulation  already  described.  To  adjust  properly,  the  port- 
able ammeter  should  be  put  in  circuit,  and  the  effect  on  the  reading 
noted  as  the  brush  is  moved,  clamping  it  back  in  place  when  the 
proper  point  is  found.  The  brush  should  then  be  sanded-in  to  the 
commutator,  as  it  will  not  have  a  good  bearing  if  its  original  location 
has  been  disturbed. 

Methods  of  Regulation 

Q.    Why  is  it  necessary  to  control  the  output  of  the  generator? 

A.  As  explained  in  the  section  on  electric  generators,  the 
amount  of  current  produced  depends  upon  the  excitation  of  the  fields, 
and  the  faster  the  armature  revolves  before  the  pole  faces  of  the  field 
magnets,  the  greater  the  amount  of  current  that  is  sent  through  the 
windings  of  the  magnets.  As  the  speed  of  the  automobile  engine 
varies  between  such  extremely  wide  limits,  it  will  readily  be  seen  that 
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it  may  rise  to  a  point -where  this  increase  in  the  field  excitation  will 
cause  so  much  current  to  be  generated  that  the  armature  windings 
will  be  literally  burned  up.  This  happened  very  frequently  in  the 
early  attempts  to  produce  a  lighting  dynamo  for  automobile  service. 
Regardless  of  how  fast  the  generator  may  be  driven,  it  is  essential  that 
its  current  output  does  not  exceed  a  certain  safe  limit. 

Q.    What  is  the  usual  safe  limit  in  the  majority  of  generators? 

A.  Most  automobile  lighting-system  generators  are  designed  to 
produce  10  to  15  amperes  at  a  normal  speed,  i.e.,  sufficient  to  light  all 
the  lamps  and  still  provide  a  slight  excess  for  charging  the  battery. 
No  matter  how  fast  its  armature  revolves,  it  must  not  exceed  this  by 
more  than  ten  to  twenty-five  per  cent,  as  a  rule,  this  being  well  within 
its  factor  of  safety.  In  some  instances,  where  a  voltage  system  of 
regulation  is  employed,  the  output  of  the  generator  depends  upon  the 
condition  of  charge  of  the  battery.  If  the  battery  is  practically 
discharged,  the  generator  will  charge  the  battery  at  a  rate  of  twenty 
amperes  or  over.  As  the  charge  proceeds,  the  battery  voltage 
increases  and  the  resistance  is  increased  correspondingly,  thus  cutting 
down  the  amount  of  current  that  the  generator  can  force  into  the 
battery. 

Q.  How  is  the  current-generated  kept  from  exceeding  this  safe 
limit? 

A.  Mechanical  methods  were  employed  at  first,  a  centrifugal 
governor  being  used  to  operate  a  slipping  clutch.  The  generator 
was  driven  through  this  clutch,  and  the  speed  at  which  the  armature 
revolved  depended  upon  the  engagement  of  the  clutch;  at  low  speeds 
both  shafts  would  turn  at  the  same  rate.  As  the  driving-shaft  speed 
increased,  the  governor  decreased  the  pressure  on  the  clutch  spring, 
and  the  clutch  faces  slipped  on  one  another,  so  that  the  driven  shaft 
turned  proportionately  slower  than  the  driving  shaft.  The  earliest 
types  of  governors,  employed  about  19()3  to  191)5,  were  not  successful, 
but  about  1908  a  typp  was  develope<l  that  worked  effectively  on 
thousands  of  cars.  It  has  sinc*e  been  superseded  by  electrical  methods 
of  regulation,  and  practically  all  of  those  now  in  use  are  electrically 
operated. 

Q.  How  many  electrical  methods  of  regulating  the  amount  of 
current  generated  are  in  general  use? 

A.     So  far  as  their  principle  goes,  practically  all  are  the  same. 
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llicur  depend  upon  weakening  the  exdtation  of  the  fields  of  the  gen- 
entor  to  rnit  down  the  output.  It  is  in  the  methods  of  accomplishing 
thb  that  they  diHer.  In  the  latter  respect  they  may  be  divided  into 
two  general  classes:  those  that  are  inherent  in  the  design  of  the 
machine,  i.e.,  the  regulating  device  is  actually  a  part  of  the  machine 
itaetf;  and  those  in  which  an  external  regulator  is  employed.  Those 
most  commonly  employed  are,  in  the  first  class,  the  bucking-coil 
winding  and  the  third-brush  method;  in  the  second,  an  external 
regulator  is  usually  combined  with  the  battery  cut-out  and  designed 
to  keep  either  the  voltage  or  the  current  at  a  uniform  value,  usually 
the  voltage. 

Q.    What  is  a  bucklng^wil  winding,  and  why  is  It  so  called? 

A.  We  have  seen  that  in  a  series-wound  machine  all  of  the 
cuixent  generated  in  the  armature  passes  through  the  field  windings 
and  energizes  the  field  magnets;  in  the  shunt-wound  machine  the  wires 
carry  only  a  part  of  the  current  which  is  proportional  to  the  resistance 
that  the  shunt  winding  of  the  fields  bears  to  ihe  resistance  of  the  out- 
sde  circuit.  As  this  outside  resistance  (the  load)  increases,  more  current 
will  be  diverted  through  the  path  of  lesser  resistance,  or  the  shunt- 
wound  field,  and  the  output  of  the  machine  will  increase  accordingly. 
In  the  compound-wound  machine,  the  relation  of  the  series  to  the 
shunt  winding  is  such  that  it  is  called  upon  chiefly  to  help  carry  any 
extra  load.  In  other  words,  as  the  demands  upon  the  machine 
increase,-  the  series  winding   adds  its  energizing  effect  to  that 
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third  brush  is  employed,  the  main  brushes  are  not  in  shunt  with  th 
fields,  and  they  are  not  depended  upon  to  supply  the  exciting  curren 
for  the  latter.  The  third  brush  instead  is  used  for  this  purpose.  As  i 
well  known,  the  output  of  a  generator  depends  very  largely  upon  th 
position  of  its  brushes.  In  the  immediate  vicinity  of  the  proper  loca 
tion  for  a  brush,  there  is  a  short  zone  of  maximum  intensity.  As  we  g€ 
away  from  this  toward  the  next  brush,  it  decreases  until  at  a  poin 
midway  between  the  two  there  is  a  neutral  zone.  The  third  brush  i 
accordingly  placed  between  the  two  main  brushes,  and  its  distanc 
from  the  nearest  main  brush  determines  the  amount  of  current  that  i 
diverts  from  the  armature  to  the  field  windings.  See  illustratioi 
of  Delco  generator  in  section  on  Methods  of  Regulation.  Thi 
method  has  the  advantage  of  supplying  a  strong  shunt  field  at  lo^ 
speeds.  As  the  speed  increases,  the  voltage  applied  to  the  shunt  fiel( 
decreases,  even  though  that  between  the  two  main  brushes  may  hav 
increased. 

Regulators 

Q.    What  is  a  regulator,  and  what  is  its  purpose? 

A.  It  is  an  instrument  somewhat  similar  to  a  battery  cut-out 
and  its  purpose  is  to  regulate  the  output  of  the  generator  in  order  tha 
the  latter  may  not  exceed  sdfe  limits  at  high  speeds.  The  regulato 
is  usuallv  combined  with  the  cut-out. 

Q.    How  does  the  constant-voltage  type  of  regulator  operate? 

A.  The  instrument  consists  of  a  magnet  winding  and  a  pivote< 
armature,  normally  held  open  by  a  spring  and  a  resistance  unit 
The  winding  of  the  magnet  has  sufficient  resistance  to  prevent  th< 
core  becoming  energized  to  a  degree  where  it  will  attract  the  armature 
unless  the  voltage  exceeds  the  safe  limit  determined  for  the  circuit 
The  voltage  increases  with  the  speed  of  the  generator,  so  that  when  th 
latter  is  driven  too  fast  the  attraction  of  the  magnet  core  for  the  arma 
ture  becomes  sufficient  to  overcome  the  pull  of  the  spring  whicl 
normally  holds  the  contacts  apart.  (See  description  of  Bijur  voltag 
regulator.)  When  the  contacts  come  together,  the  field  circuit  of  th* 
generator  is  shunted  through  the  resistance  unit;  this  cuts  down  th< 
amount  of  current  energizing  the  fields,  the  voltage  falls  off,  and  th< 
contacts  again  separate.  Unless  the  speed  of  the  generator  i 
decreased,  this  action  is  rapidly  repeated,  so  that  the  regulator  arma 
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'    ture  vibrates  at  a  high  speed  as  long  as  the  voltage  b  suffidently  high 
to  eoer^ze  the  magnet. 

Q.  What  is  the  principle  on  wliicli  tliis  type  of  regulabH* 
operates? 

A.  The  prindple  that  in  a  circuit  having  considerable  self- 
induction  tlie  amount  of  current  which  may  be  sent  through  the 
circuit  will  decrease  if  the  current  be  pulsating  instead  of  steady. 
Everj'  Ume  the  contacts  of  the  regulator  open,  a  pulsation,  or  surge, 
or  current  is  sent  through  the  field  windings  of  the  generator;  when 
they  close  because  of  the  higher  voltage,  the  current  is  shunted 
through  the  resistance  unit,  thus  cutting  it  down.  The  decrease  in 
the  amount  of  current  is  in  proportion  to  the  number  of  pulsations  per 
minute,  i,e,,  the  rapidity  with  which  the  vibrating  contact  operates. 
The  circuit  having  considerable  self-induction  is  that  of  the  field 
mnding  of  the  generator,  owing  to  its  heavy  iron  core,  (See  Induc- 
tion.) 

Q.  What  is  tlie  constant<uiTent  type  of  regulator,  and  liow  does 
It  differ  from  the  constant-voltage,  or  potential,  type? 

A,  It  consists  of  an  electromagnet  and  a  spring-controlled 
pivoted  armature,  so  that  it  is  of  practically  the  same  construction  as 
" the  constant-potential  tjpe,  but  it  is  connected  in  circuit  with  the 
armature  of  the  generator  and  it  is  wound  to  operate  under  the 
influence  of  the  current  rather  than  the  voltage.  Consequently, 
the  pivoted  armature  is  attracted,  opening  the  circuit  when  the  cur- 
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em^oyfA,  but  the  re^Iatora  Sffer  more  or  less  in  design  and  apeo' 
tion.  For  example,  in  the  Bofldi-Roahmore  gmecatar.  a  bucsdni 
roil  is  employed  in  «;onnectioa  with  what  is  tezmed  a  baOas 
resistor,  or  resi^itance  unit.  This  is  of  iron  wire,  and  it  is  baaed  an  lii 
fact  that  resii^tance  inerea^es  very  rapidly  with  die  tEmperamn 
The  i%ize  of  the  wire  is  3uch  that  it  aOows  10  ampoea  t3o  tiow  witfaui] 
undue  heatinji^.  so  that  its  resistance  is  practically  unchanged:  abo^ 
this  point  it  heat")  rapidly  and  increases  in  resistance  so  greatly  that  a 
exre^'t  nsrrent  in  shunted  throu^  the  buddng  coiL  In  the  Splitdoi 
generator,  the  regulator  is  built  in,  projecdoos  of  the  pole  pieces  of  di 
field  Feeing  ntilizerl  in  oomiection  with  special  windings,  instead  of  a 
ifKiependent  electromagnet  as  in  the  Ward-Leooard  and  the  Biju 
In  the  r,.S.L.  generatr>r  of  the  inherently  regulated  type,  regulation 
accf>mpli.sherl  by  the  combination  of  a  Gramme  ring  armature, 
special  arrangement  of  connections  and  of  the  field  windings,  and  d: 
iisie  of  only  a  part  of  the  fields  and  armature  for  generating  curren 
The  regulation  obtained  is  based  on  armature  reaction  and  is  :amiLi 
in  effect  U>  the  third-brush  method.  The  U.S.L.  external  type  c 
rfguJHtor  ciitft  int/i  the  generator  field  circuit  a  variable  resiftano 
rorisiHtirig  rif  an  a^ijustable  carbon  pile.  In  the  Adlake  regulutoi 
whir-h  is  of  the  constant-potential  txpe,  a  solenoid  operates  a  switc 
ovff  the  contactH  of  a  variable  resistance.  The  plunger  of  the  soI< 
noid  in  rountfrhalanced  by  a  weight,  which  must  be  raised  to  operai 
the  switch.  It  is  adjustable  by  increasing  the  weight  of  this  counte 
biilancc. 

Q.  What  attention  does  the  regulation  of  the  generator  require 
A.  This  will  (h'[x;nd  upon  the  method  employed  in  each  cas< 
When*  an  external  regulator  is  employed,  whether  of  the  constant 
I>ot<'ntiul  or  the  constant-current  type,  the  attention  required  i 
lirurtically  the  same  as  in  the  case  of  the  battery  cut-out.  See  tha 
the  points  are  not  sticking,  and  when  badly  burned  or  pitted,  smoot 
and  true  up,  taking  off  as  little  of  the  contact  point  as  possible  to  effec 
this.  When  the  points  have  become  so  badly  pitted  that  this  cannc 
be  (lone,  new  parts  will  be  necessary. 

With  the  thinl-hrush  method,  the  attention  required  by  thi 
brush  is  the  same  as  that  which  must  be  given  the  other  brushes,  i.e 
sarMlinK-in  at  intervals  and  replacement  when  worn  too  short  t 
IHTrnit  the  spring  to  hold  the  brush  firmly  against  the  commutatoi 
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Where  the  generator  fails  to  produce  sufficient  current  to  keep  the 
bsttery  charged,  all  other  parts  of  the  system  being  in  good  condition 
and  the  car  driven  long  enough  in  daylight  to  charge  the  battery  under 
normal  conditions,  the  position  of  the  third  brush  may  he  shifted  to 
increase  the  output.  Care  must  be  taken  not  to  let  it  come  in  contact 
with  the  main  brush.  (See  Deico  instructions.)  In  the  case  of  a 
bucking-coil  winding,  no  attention  is  necessary,  as  this  is  an  integral 
port  of  the  machine  itself.  As  the  Splitdorf  regulator  has  moving 
contact  points,  the  attention  necessary  is  the  same  as  that  required 
for  an  external  regulator  of  this  type.  Special  regulators,  such  as  the 
U.S.L.  externa)  type,  require  attention  covered  by  the  maker's  instrue- 
tions.    (See  U.S.L.  system.) 

Q.  When  the  generator  fails  to  keep  the  battery  charged  prop- 
erly, a  normal  amount  of  daylight  driving  being  given  the  car,  is  the 
fault  roost  likely  to  be  found  in  the  regulator? 

A.  No.  It  is  much  more  likely  to  be  caused  by  a  dirty  commu- 
tator, worn  brushes,  loose  connections,  or  some  similar  cause  which 
inserts  extra  resistance  in  the  chaining  circuit.  The  movement  of 
the  regulator  armature  is  very  slight,  and  the  current  handled  by  the 
contact  points  is  small,  so  that  it  will  seldom  be  the  cause  of  the 
trouble.  Other  causes,  such  as  those  above  enumerated,  should 
always  be  sought  first.    (See  instructions  under  Generator.) 

Windinss 
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and  make  it  break  at  that  potnt,  due  to  the  vibration.  Unless  dean* 
out  at  inten'als.  fine  carbon  dust  from  the  wear  of  the  brushes  nu 
accumulate  in  the  interstices  of  the  windings,  and,  when  aggravate 
by  moisture,  jhh  is  apt  to  cause  short-circuits. 

Q.    What  are  the  usual  indicatioiis  <rf  such  fauHs? 

A.  Viith  a  short-circuited  generator  coil  (armature),  all  oth< 
parts  of  the  apparatus  and  circuits  being  in  good  condition,  tl 
charging  rate  n-ill  be  lon-er  than  normal.  The  ammeter  needle  w 
\'ibrate  violently  when  the  engine  b  running  at  low  speeds,  and  t» 
or  more  adjacent  commutator  bars  wiU  bum  and  blacken.  \Ml 
an  open  armature  coil  (broken  wire),  the  indications  will  be  pra 
tically  the  same,  and  there  will  be  severe  sparking  at  the  brushc 
causing  serious  burning  of  the  conunutator  bar  corresponding  i 
the  open  coil.  A  grounded  armature  coil  will  give  the  same  gener 
indications,  and  if  the  machine  is  a  single-unit  tj-pe,  the  crankii 
ability  of  the  starting  motor  will  be  seriously  impaired.  TI 
ammeter,  however,  will  not  vibrate  as  in  the  former  cases.  The; 
will  be  practically  no  chai^  from  the  generator,  and  the  battel 
will  be  discharged  verj-  rapidly  by  the  starting  motor. 

In  a  single-unit  machine,  when  the  windings  of  the  generati 
and  the  starting  motor  become  interconnected,  the  indicatioi 
will  be  practically  the  same  as  those  of  a  grounded  armature  co 
If  the  motor  windings  of  a  single-unit  machine  become  grounde 
there  will  be  an  excessive  dischai^  from  the  battery,  while  tl 
motor  will  develop  but  little  iwwer. 

Q.    How  may^uch  faults  be  located? 

A.  With  the  aid  of  the  testing-lamp  outfit.  Remove  t! 
brushes  (when  replacing  them  later,  be  sure  to  put  each  bruf 
back  in  the  holder  from  which  it  was  taken),  or  the  brushes  nu 
be  insulated  from  the  commutator  by  placing  paper  under  ther 
For  a  grounded  coil,  place  one  test  point  on  the  commutator  ai 
the  otiier  on  the  frame;  if  grounded,  the  lamp  will  light.  For  inte 
connected  motor  and  generator  windings  in  a  single-unit  machii 
having  two  commutators,  insulate  the  brushes  as  mentioned  an 
place  the  test  points  one  on  each  commutator.  The  light  will  bui 
if  the  two  windings  are  connected.  For  a  gruundcd-motor  windin 
test  from  the  motor  commutator  to  the  frame;  the  light  shou! 
finf  hitia  if  the  insulation  is  oil  right.    For  a  break  or  open  circu 
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ID  the  field  winding,  touch  the  terminals  of  the  latter  with  the  test 
points,  the  commutator  being  insulated  or  the  armature  removed. 
The  lamp  should  light.  For  a  blown  field  fuse  on  machines  so 
equipped,  place  the  points  on  the  clips;  if  the  fuse  b  intact,  the 
lamp  wilt  light. 

Q.    Are  these  tests  conclusive? 

A.  No.  They  will  indfcate  any  of  the  faults  mentioned, 
but  they  wilt  not  reveal  an  internal  short-circuit  in  the  windings, 
which  cuts  some  of  the  armature  or  field  turns  out  of  action  but 
does  not  break  the  circuit  as  a  whole.  Such  a  short-circuit  reduces 
the  output  of  the  generator  and  can  be  determined  definitely  only 
by  measuring  the  resistance  of  the  windings.  This  requires  special  and 
expensive  testing  instruments,  such  as  the  Wlieatstone  bridge,  so  that 
where  all  other  tests  fail  to  reveal  the  cause  of  a  falling  off  in  the  out- 
put of  the  generator,  it  should  be  sent  to  the  maker  for  inspection. 

Commutator  and  Brushes 
Q.    What  does  a  blackened  and  dirty  commutator  indicate? 

A.  Sparking  at  the  brushes  or  an  accumulation  of  carbon 
dust  due  to  putting  lubricant  on  the  commutator. 

Q.    What  is  the  cause  of  sparking  at  the  brushes? 

A.  Poor  brush  contact,  due  to  worn  brushes;  brush-holder 
springs  too  loose,  so  that  brushes  are  not  held  firmly  against  the 
commutator;  excessive  vibration,  which  may  be  due  to  a  bent  shaft, 
an  unbalanced  gear  pinion,  or  improper  mounting;  using  too  mu<^ 
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Q.  Why  do  some  conuniitators  need  undercutting  and  others 
not? 

A.  Undercutting  is  required  only  on  machines  equipped  with 
brushes  that  are  softer  than  the  mica.  Copper-carbon  brushes, 
as  employed  on  starting  motors  to  reduce  the  brush  resistance,  are 
hard  enough  to  keep  the  mica  worn  down  with  the  copper  of  the 
commutator  itself. 

Q.  If,  after  smoothing  off  and  undercutting  the  mica,  the 
commutator  still  has  an  uneven  and  irregular  surface,  what  is  the 
remedy? 

A.  The  armature  should  be  removed  from  the  machine,  and 
the  commutator  trued  up  in  the  lathe,  taking  as  light  a  cut  as  possible 
consistent  with  obtaining  a  true  round  and  smooth  surface. 

Q.    How  can  excessive  commutator  wear  be  prevented? 

A.  Inspect  at  regular  intervals  and  on  the  first  sign  of  sparking 
smooth  up  the  surface  and  sand-in  the  brushes.  Keep  the  com- 
mutator clean  and  do  not  permit  carbon  dust  or  oil  to  accimiulate 
in  the  conmiutator  and  brush  housing.  Never  replace  brushes  or 
brush  springs  with  any  but  those  supplied  by  the  manufacturer 
for  that  particular  model.  The  machine  will  work  with  any  old 
brush  and  any  old  spring  that  fits,  but  they  will  prove  detrimental 
to  its  operation  in  a  comparatively  short  fime,  and  its  working  under 
such  conditions  will  never  be  satisfactorv. 

Q.    Is  discoloration  of  the  commu|ator  ever  caused  by  anything 

else  than  sparking? 

I  A.     Not  actual  discoloration  which  requires  cleaning,  but  the 

normal  operation  of  the  machine  produces  a  purplish  blue  tinge  on 

the  bars,  which  is  sometimes  mistaken  for  discoloration  by  the 

inexperienced.    This  color,  in  connection  with  a  high  polish  of  the 

metal,  indicates  that  the  conmiutator  is  in  the  best  of  condition. 

Once  the  conmiutator  takes  on  this  high  polish,  it  vsrill  operate  for 

long  periods  without  other  attention  than  the  removal 'of  dirt  by 

[  wiping  with  a  clean  rag.    Sanding  to  remove  this  purple  tinge  is  a 

1^  mistake,  as  it  only  destroys  the  polish  without  having  any  beneficial 

effect. 

Q.    Is  it  necessary  to  lubricate  the  surface  off  the  commutator? 

A^ No.    The  brushes  employed  are  usually  of  what  are  termed 

Lting  type  and  require  no  attention  in  this  respect. 

1^ 
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Q.  WQ]  any  harm  result  from  putting  ti^t  grease,  vaseline,  or 
hibrkating  oil  on  the  surface  of  the  commutator? 

A.  As  all  lubricants  are  insulators  to  a  greater  or  less  extent, 
tbe  effidency  of  the  machine  will  be  reduced  and,  as  the  voltage  ia 
very  low,  but  a  slight  falling  off  is  necessary  to  represent  a  very  sub- 
stantial percentage  of  the  maximum.  The  use  of  lubricant  of  any 
nature  on  the  commutator  also  has  another  harmful  effect  in  that  it 
collects  the  carbon  dust  resulting  from  the  wear  of  the  brushes,  caus- 
ing it  to  lodge  against  them  as  well  as  between  the  commutator  bars. 

Q.  Why  should  particular  care  be  taken  to  remove  all  carbon 
dust  from  the  commutator  housing  of  both  the  generator  and  the 
motor  (two-unit  system)  or  the  single  unit  where  both  functions  are 
combined  in  one  machine? 

A.  Carbon  dust  is  an  excellent  conductor  of  electric  current 
and,  when  spread  over  the  surface  of  an  insulator,  it  causes  the  latter 
to  become  conducting  as  well.  Consequently,  it  is  likely  to  short- 
circuit  tbe  commutator  bars  by  lodging  between  them.  It  will  cause 
leakage  across  fiber  or  other  insulating  bushing  of  brush  holders  when 
a  sufficient  deposit  accumulates  on  them.  It  will  penetrate  the  arma- 
ture and  field  windings  of  the  machine  and  may  cause  trouble  by 
grounding  or  short-circuiting  them.  Especial  care  should  be  taken 
to  remove  all  traces  of  carlion  dust  after  sandiiig-in  the  brushes. 

Q.    How  often  should  the  commutator  be  inspected? 

A,     The  commutator  is  the  most  vulnerable  piirt  of  any  direct- 
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■  ccHDinutator  properly,  or  the  spring  itself  may  be  at  fault.  Wear  of 
the  brush  beyond  the  point  where  it  is  any  longer  of  service  will  most 
often  be  the  cause. 

Q.  Where  the  brushes  are  true  and  are  making  good  contact 
■gainst  the  commutator,  but  the  machine  is  inoperative,  all  other 
parts  of  the  system  being  in  good  condition,  what  is  likely  to  be  the 
tntuble? 

A.  One  of  the  pigtails,  or  short  flexible  connections,  of  the 
brushes  may  have  shaken  out  from  under  its  spring  clip.  This  breaks 
the  drcuit,  just  as  a  parted  wire  or  a  ruptured  connection  at  a  terminal 
in  any  other  part  of  tlie  system  would. 

Q.     How  often  is  it  necessary  to  replace  the  brushes? 

A,  This  differs  so  much  with  different  makes  of  machines  that  it 
cannot  be  answered  definitely,  even  as  an  average.  On  two-unit 
systems,  the  generator  brushes  will  naturally  require  replacements 
much  sooner  than  those  of  the  starting  motor,  as  the  starting  motor  is 
only  in  operation  for  very  short  periods,  while  the  generator  is  working 
constantly.  On  single-unit  types,  this  naturally  does  not  apply,  as, 
whether  the  armature  has  one  or  two  sets,  they  are  always  in  use. 
Ordinarily,  brushes  should  not  require  replacement  under  a  year,  and 
frequent  instances  ai*  known  of  their  ha\'ing  Iaste<l  for  two  years  or 
more.  It  depends  upon  the  care  gi\'en  the  commutator  and  brushes 
quite  as  much  as  upon  the  mileage  covere<i,  as,  if  allowed  to  run  dirty 
for  any  length  of  time,  the  brushes  will  wear  away  much  faster  than  if 
kept  in  good  condition.     The  best  rule  for  the  replacement  of  the 
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A.  It  is  a  carbon  brush  of  the  same  nature  as  the  others  used  on 
the  same  machine,  and  the  care  required  to  keep  it  in  good  condition 
does  not  differ.  However,  it  is  mounted  in  an  independently  adjust- 
able holder  so  that  it  may  be  moved  backward  or  forward  with  relation 
to  the  main  brushes  in  order  to  increase  or  decrease  the  output  of 
the  generator.     (See  instructions  [Delco]  on  this  point.) 

Q.  Is  it  ever  necessary  to  alter  the  location  of  the  brushes 
of  a  machine? 

A.  F^xcept  on  generators  fitted  with  the  third-brush  method  of 
regulation,  on  which  it  may  be  necessary  to  shift  the  main  brushes 
slightly  to  avoid  having  the  third  brush  come  in  contact  with  one  of 
them  when  moved  to  change  the  output,  it  should  never  be  necessary 
to  shift  the  location  of  the  brushes.  Brush  location  has  an  important 
bearing  on  the  operation  of  the  machine,  and,  in  designing  it,  the  maker 
has  fixed  the  lociition  of  the  brushes  to  conform  to  its  other  charac- 
teristics. Many  machines  have  no  provision  for  adjusting  the 
brushes  in  this  respect,  while  some  manufacturers  caution  the  user 
particularly  against  altering  their  location. 

Q.  How  much  spring  pressure  is  usually  employed  to  hold  the 
brushes  of  the  generator  and  starting  motor  against  the  commutator? 

A.  This  varies  with  different  makes  of  machines  and  should  be 
ascertained  from  the  maker's  instructions  in  every  case  in  order  to 
check  up  properly.  In  the  various  models  of  the  Gray  &  Davis 
starting  motors,  this  spring  pressure  ranges  from  2J  to  3^  pounds, 
which  is  the  minimum  necessary.  In  other  words,  the  brush  must  be 
hekl  against  the  commutator  with  this  amount  of  pressure  in  order  to 
operate  efficiently.  Whik*  there  will  be  a  loss  if  the  pressure  drops 
bek>w  the  minimum,  there  is  no  advantage  in  greatly  exceeding  it,  as 
excess  pressure  simply  causes  greater  friction  loss  without  any  com- 
pensating gain  in  j)()wer.  (Jenerator-brush  pressures  are  much  less 
than  those  employed  on  starting  motors,  owing  to  the  smaller  amount 
of  current  handled. 

Q.  How  can  the  proper  spring  pressure  of  the  brushes  be 
checked? 

A.  With  the  aid  of  an  ordinary  spring  scale  of  the  direct-pull 
type,  in  which  the  pull  on  the  hook  draws  the  pointer  down  over  the 
scale.  A  scale  reading  to  five  pounds  is  adequate  for  the  purpose; 
one  intended  for  heavy  weights  is  not  likely  to  be  so  accurate.     Attach 
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tbe  hook  of  the  scale  to  the  brush  and  pull  until  the  brush  is  just  clear 
of  the  commutator.  The  scale  will  then  register  the  pull  in  pounds. 
Where  there  is  nothing  on  the  brush  to  which  to  attach  the  hook,  such 
as  a  screw,  place  a  thin  piece  of  wood  on  the  brush  face  before  ptassing 
the  hook  of  the  scale  around  it,  to  prevent  injuring  the  contact  face 
of  the  brush.  In  this  case,  the  spring  pressure  as  shown  on  the  scale 
will  exceed  the  necessary  minimum,  as  the  spring  must  be  compressed 
further  than  it  would  be  when  in  operation,  in  order  to  operate  the 
scale.    This  should  be  aUowed  for  when  taking  the  reading. 

Q.  When  is  it  advisable  to  check  the  spring  pressure  of  the 
brushes? 

A.  When  there  is  undue  sparking  at  the  commutat/}r,  while  the 
commutator  and  brushes  are  all  in  proper  condition,  i.  e.,  clean,  and 
bearing  uniformly  over  their  entire  surface  so  that  the  sparking  is  not 
due  to  any  fault  in  either  of  these  es.sentiab. 

Q.  When  the  brushes  and  commutator  are  in  good  conditton 
and  the  spring-scale  test  shows  that  the  brushes  are  being  held 
against  the  commutator  with  the  necessary  amount  of  pressure,  what 
is  likely  to  be  the  cause  of  the  sparking? 

A.     There  may  be  a  short-circuite<i  or  o|>eii  coil  in  tlie  armature. 

STARTING    MOTOR 
Q.    In  what  way  does  the  starting  motor  of  a  two-unit  system 
differ  horn  the  generator? 
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wholly  discharged  battery  will  be  responsible.'  It  the  battery  i 
all  right,  a  loose  connection  at  the  battery,  switch,  or  motor,  or  j 
short-circuit  in  some  part  of  this  wiring  may  be  the  cause.  ShouI( 
the  battery  be  property  charged,  all  i^iring  and  connections  in  goo 
condition,  switch  contacts  clean,  etc.,  the  starting  gears  may  h 
binding,  owing  to  dirt  or  lack  of  alignment  between  the  motor  shaJ 
and  the  flj'wheel  of  the  engine.  In  this  case,  the  motor  wall  attemf 
to  start  when  the  current  is  first  turned  on,  but  will  be  held  fas 
Loosen  the  holding  bolts  and  line  up  the  motor,  cleaniog  the  get 
teeth  if  necessary. 

Q  What  is  likely  to  be  the  cause  of  the  starting  motor  mnnin 
slowly  and  with  very  little  power? 

A.  Exhausted  battery,  poor  switch  contacts,  loose  conne< 
tions,  partial  ground  or  short-circuit  in  wiring  causing  leakag< 
improperly  meshing  gears,  dirty  conunutator,  brushes  making  poc 
contact  owing  to  weak  springs  or  worn  brushes,  or  a  ground  in  th 
motor  itself.  The  remedies  for  all  these  faults  have  been  given  alread) 

Q.  When  the  battery  and  all  connections  and  wiring  are  i 
good  condition,  but  the  motor  fails  to  crank  the  engine,  what  is  Ukel 
to  be  the  cause? 

A.  The  engine  may  be  too  stiff.  If  it  has  been  overhaule 
just  previously,  the  main  bearings  may  have  been  set  up  too  tighl 
Test  with  the  starting  crank  to  see  if  it  can  be  turned  over  easil, 
by  hand.  If  unusual  effort  is  required,  easing  off  the  bearings  shouL 
remedy  the  trouble.  Should  the  engine  not  turn  over  as  soon  a 
tlie  switch  is  closed,  release  immediately,  as  otherwise  the  battery  wi! 
be  damaged. 

Q.  When  the  engine  does  not  start  within  a  few  seconds,  wh; 
is  it  better  to  use  the  starting  motor  intermittently  than  to  run  it  con 
tinuously  until  the  engine  does  fire? 

A.  The  intermittent  use  of  the  starting  motor,  say  ten  second 
at  a  time,  with  a  pause  of  half  a  minute  or  a  minute  between  attempt 
is  easier  on  the  battery.  If  allowed  to  rest  for  a  short  period,  th 
storage  battery  recuperates  very  rapidly.  Consequently,  the  opera 
tion  of  the  starting  motor  for  two  minutes,  divided  into  twelve  period 
of  ten  seconds  each,  will  not  run  the  battery  down  to  anything  like  thi 
extent  that  its  continuous  operation  for  the  same  length  of  time  would 
Moreover,  this  \T\teTY\\\\,\,^\\V\xi^\jAsA  ol  <5^T"a.\\Q>\vv\\Qxeas^s  the  chance 
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of  starting  under  ad\*er9e  conditions,  as.  in  ver>-  cold  weather.  e\Tery 
time  the  batterj-  is  allowed  to  rest,  it  »-ill  be  able  to  spin  the  engine  at 
its  normal  starting  speed,  whereas  if  the  starting  motor  is  operated 
continuously,  the  batter>-  will  become  so  weak  that  the  engine  will  be 
turned  o\-er  ver>'  slowly  toward  the  end  of  the  period  in  question. 

Q.  Why  is  it  that  a  startii^  motor  capable  of  turning  an  engine 
over  at  a  speed  anywhere  from  75  to  ISO  r.p.m.  will  sometimes  fail 
to  start  the  engine.  wh««as  hand  cranking  subsequently  resorted 
to  win  succeed? 

A.  It  must  be  borne  in  mind  that  the  operation  of  starting  an 
engine  in  colil  weather  involvi's  several  factors.  (1)  The  pistons, 
crankpins  and  crankshaft  (bearings)  must  be  broken  away,  i.e., 
forcibly  release*!  from  the  hold  that  tliegummeil  hibricHting  oil  lias  on 
them,  before  they  can  be  move<i.  The  great  difference  between  the 
power  required  to  do  this  in  summer  and  in  winter  is  shown  by  the 
greatly  increased  amount  of  current  use<l  by  the  starting  motor. 
(2)  Gasoline  and  air  must  be  drawn  into  the  eyliiuiers,  to  eifect  whifh 
in  sufficient  quantity  to  start  the  engine  requires  quite  a  niimlier  of 
revolutions.  (3)  The  gasoline  must  be  vaporized  so  that  it  will  mix 
with  the  air,  which  involves  more  turning  of  the  engine  to  cri'iitt'  the 
necessary  heat  by  compression  in  the  combustion  duunlHTs  and  tin- 
friction  of  tne  moving  parts.  In  the  application  (if  cncrjry  in  anj' 
form,  two  factors  are  always  involved,  i.e.,  the  unit,  or  qiiiuitity  of 
power  applied,  and  the  length  of  time  during  which  it  is  upplicd .  Tin- 
starting  motor  cranks  the  engine  at  a  comparatively  liijili  speed  Un 
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'  A.  A  simple  series-wouiKl  machine  (jHtulicaDy  aU  electric  star 
ing  motors  are  of  this  t>7)e)  is  capable  of  standing  exceedingly  heav 
overloads  for  short  periods,  it  being  nothing  unusual  for  these  sms 
motors  to  have  a  factor  of  safety  of  five,  or  even  seven,  for  a  limiti 
time,  that  is,  they  will  take  five  to  seven  times  the  normal  amou 
of  current  for  a  brief  period  without  injur}'.  As  a  matter  of  fact,  tl 
starting  motor  can  utilize  all  the  current  the  battery  is  capable 
supplying,  provided  the  motor  is  free  to  move.  If  the  engine  is  stu< 
fast  or  some  part  of  the  starting  system  has  gone  wrong  so  that  t 
electric  motor  cannot  turn  over,  then  there  is  danger  that  the  mot 
may  be  damaged  unless  the  switch  is  opened  at  once.  This,  togetb 
with  the  fact  that  the  maximum  load  which  may  be  placed  on  t 
motor  at  different  times  is  such  a  variable  quantity,  w^ould  make  it 
difficult  matter  to  provide  a  fuse  that  would  not  blow  unnecessaril 
The  only  object  of  the  fuse  would  be  to  protect  the  motor  winding 
and,  as  the  latter  can  stand  all  the  current  the  battery  can  supply,  tl 
only  source  of  danger  is  the  possibility  of  the  motor  being  held  fa 
so  that  its  armature  cannot  revolve. 

WIRING  SYSTEMS 
Different  Plans 

Q.  What  is  the  difference  between  the  single-wire  and  tl 
two-wire  systems? 

A.  In  tlie  single-wire  there  is  but  one  connection  to  the  opera 
ing  circuit  by  means  of  a  wire  or  cable,  the  circuit  being  complete 
in  every  instance  by  grounding  the  other  side  of  the  circuit.  F 
this  reason  the  single-wire  is  also  referred  to  as  a  grounded  systei 
In  the  two-wire  system,  copper  wires  or  cables  are  employed  to  con 
plcte  the  circuits  l)etween  the  generator  and  batter>'  and  betwei 
the  buttery  and  the  starting  motor,  as  well  as  to  the  lamps. 

Q.    What  forms  the  return  circuit  of  a  single-wire  system? 

A.     Tlie  steel  frame  of  tlie  chassis. 

Q.    How  are  the  various  circuits  grounded? 

A.     In  tlie  case  of  the  battery,  a  special  ground  connection 
usujilly  nimle  by  drilling  the  frame  and  fastening  a  clamp  to  i 
Tlu»  grouiul  cable  frtmi  the  l)attery  is  attached  to  this  damp.    Tl 
gt^nenitor  aiul  starting  motor  are  grounded  internally,  i.e.,  the  ei 
of  a  NviiuUug  or  ot  ^  bt\x^  \<^%d  tkat  would  be  taken  out  to  form  tl 
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return  side  of  a  two-wire  system  is  connected  to  the  frame  of  the 
machine,  and  the  latter  completes  the  connection  to  the  chassis 
through  its  holding  bolts  or  other  means  of  attachment.  One  side 
of  all  lamp  sockets  is  usually  grounded,  so  that  the  bulb  itself  com- 
pletes the  connection  when  fastened  in  place.  Sometimes  there 
is  a  special  ground  connection  from  the  battery  for  the  return  side 
of  the  ignition  or  lighting  circuits,  and  this  ground  wire  is  fused. 

Q.  What  are  the  advantages  and  disadvantages  of  the  single- 
wire  system? 

A.  It  greatly  simplifies  the  wiring,  as  but  one  wire  connection 
is  necessary  to  the  apparatus  for  each  circuit,  but  this  advantage 
renders  it  more  susceptible  to  derangement  through  unintentional 
grounds  or  short-circuits,  since  the  touching  of  any  metal  part  of 
the  chassis  by  a  bare  wire  will  cause  a  short-circuit.  This  depends 
to  a  very  great  extent,  however,  on  the  thoroughness  with  which 
the  wiring  is  protected,  and,  with  the  armored  cables  or  loom  and 
the  junction  boxes  used  on  modem  installations,  it  is  reduced 
to  a  point  where  both  systems  are  practically  on  a  par  in  this 
respect. 

Q.  What  are  the  advantages  and  disadvantages  of  the  two- 
wire  system? 

A.  Each  circuit  is  complete  in  itself  thus  rendering  it  easier 
to  locate  faults,  while  no  one  connection  coming  in  contact  with 
a  metal  part  of  the  chassis  will  cause  a  ground.  The  wiring  itself, 
however,  is  much  more  complicated,  and,  with  the  small  space 
available  on  the  bulb  connections,  it  is  more  difficult  to  insulate 
them  properly. 

Q.    Which  system  of  wiring  is  favored? 

A.  The  single-wire  system  will  be  found  on  the  majority  of 
cars,  and  the  number  of  makers  adopting  it  is  steadily  increasing. 

Faults  in  Circuit 

Q.  What  is  the  difference  between  a  ground  and  a  short- 
circuit? 

A.  So  far  as  the  effect  produced  is  concerned,  they  are  the 
same;  the  difference  in  the  terms  referring  solely  to  the  method  of 
producing  it.  For  example,  if  the  cable  of  the  starting  motor  circuit 
becomes  abraded  and  the  bare  part  touches  the  ci\ass\^  ^'^  '^kswsr. 
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connecting  part  of  metal,  this  is  a  ground.  But  it  is  also  a  short- 
circuit  in  that  the  circuit  to  the  battery  is  completed  through  a 
shorter  path  than  that  intended.  On  the  other  hand,  if,  in  a  two- 
wire  svstem,  the  two  cables  of  the  same  circuit  become  chafed  close 
together  and  their  bared  parts  touch,  this  is  a  short-circuit,  but 
it  is  not  a  ground.  For  all  practical  purposes,  however,  the  two 
terms  are  really  interchangeable  when  applied  to  faults  in  the  circuit. 
(See  Gray  &  Davis  instructions.) 

Q.    How  may  grounds  be  located  in  a  single-wire  system? 

A.  In  any  of  the  fused  circuits,  the  fuse  will  immediately 
blow  out.  Remove  the  fuse  cartridge  and  shake  it;  if  it  rattles, 
the  fuse  wire  has  melted  and  the  fuse  is  blowTi.  If  it  does  not 
rattle,  short-circuit  the  fuse  clips  with  the  pliers  or  a  piece  of  metal; 
a  spark  will  indicate  the  completion  of  the  circuit  and  will  also 
indicate  that  the  fuse  has  blowTi.  If,  on  bridging  the  fuse  clips, 
the  lamp  lights,  or  other  apparatus  on  the  circuit  operates,  the 
short-circuit  was  only  temporary.  This  does  not  mean,  however, 
that  the  fault  has  been  remedied;  the  vibration  of  the  car  mav 
have  shaken  whatever  caused  it  out  of  contact  and  further  vibra- 
tion sooner  or  later  will  renew  the  contact  with  the  same  result. 
Inspect  the  wiring  of  that  particular  circuit  and  note  whether  the 
insuhition  is  intact  throughout  its  length.  See  that  no  frayed  ends 
arc  making  contact  at  any  of  the  connections  and  that  the  latter 
arc  all  tight  and  dean.  In  case  the  lamp  does  not  light  on  bridging 
the  fuse  clips,  sec  if  the  hulh  has  blown  out;  if  not,  use  the  test 
liinip  by  api)lying  one  point  to  the  terminal  and  the  other  to  various 
points  along  the  wiring. 

Q.  Does  the  blowing  of  a  fuse  always  indicate  a  fault  in  the 
wiring? 

A.  No.  A  bull),  in  blowing  out,  frequently  will  cause  a  tem- 
porary short-circuit  that  will  blow  the  fuse.  To  determine  this, 
apply  the  points  of  the  test-lamp  outfit  to  the  bulb  contacts;  if  the 
test  lamp  lights,  th(»  bulb  is  short-circuited,  and  a  new  fuse  and  bulb 
may  be  inserted  without  further  inspection  of  the  circuit.  In  case 
the  test  lamp  docs  not  light  on  this  test,  it  does  not  necessarily 
indicate  a  fault  in  the  wiring  of  that  circuit,  though  inspection  is 
recommended  before  putting  in  new  fuse  and  bulb.  The  blowing 
out  of  the  bulb  may  cause  a  short-circuit,  which  is  ruptured  by  the 
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cuirent  burning  sway  the  light  metal  parts  that  were  in  contact, 
such  as  a  small  piece  of  the  filament. 

Q.    Can  a  short^ireuit  or  ground  occur  without  blowing  a  fuse? 

A.  Yes,  No  fuses  are  employed  on  starting-motor  circuits 
owing  to  the  very  heavy  current  used  and  its  great  variation  depend- 
ing upon  the  conditions,  such  as  extreme  cold  gumming  the  lubri- 
cating oil,  tight  bearings,  binding  of  the  pinion  and  gear,  sprung 
shaft,  starting  motor  out  of  alignment,  or  the  like.  On  other  circuits, 
the  amount  of  current  leaking  through  the  fault  in  the  circuit  may 
not  be  sufficient  to  blow  the  fuse,  as  the  capacity  of  the  latter  is 
such  that  it  will  carry  the  maximum  current  which  the  apparatus  in 
that  circuit  will  carry  without  damage — usually  5  or  10  amperes 
on   lighting   circuits  and   10   amperes  on   generator-field    circuits. 

Q.    How  can  such  faults  be  noted? 

A.  The  ammeter,  or  indicator,  will  show  a  discharge  reading 
when  the  engine  is  idle  and  all  lamps  are  switched  off. 

Q.    What  is  the  usual  nature-of  such  a  fault? 

A.  The  battery  cut-out  may  have  failed  to  open  the  circuit 
completely;  a  frayed  end  of  the  stranded  wire  at  one  of  its  con- 
nections may  be  making  light  contact  which  will  permit  a  small 
amount  of  current  to  pass;  a  particle  of  foreign  matter  of  high 
resistance  may  be  bridging  a  gap  either  at  the  cut-out  or  some 
other  part  of  the  circuit;  or  the  ignition  switch  may  have  , been 
left  on  the  battery  contact  so  that  current  is  flowing  through  the 
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Q.  What  is  one  of  the  most  frequent  causes  of  short-circuits 
in  a  two-^  ire  system? 

A.  The  bulbs  and  their  sockets,  owing  to  the  ver>-  small 
amount  of  .^^pac-e  available  for  the  insulation.  Dirt  or  particles  of 
metal  may  be  bridging  the  small  gaps  between  their  insulated  con- 
tacts. A  blown-out  bulb  also  may  be  responsible,  as  previously 
mentione<l. 

Proper  Conduction 

Q.    \\  by  are  different  sizes  of  wire  employed  in  the  various 

circuits? 

A.  To  permit  the  passage  of  the  maximum  current  necessary 
in  each  circuit  c-onsistent  with  the  minimum  drop  in  voltage  due 
to  the  resistance  of  the  ^^ire  and  its  connections.  The  voltages 
einploye<l  are  so  low  that  any  substantial  drop  due  to  this  cause 
would  seriou.>ly  impair  the  efficiency  of  the  system  and  particularly 
of  the  ^ta^tinp  motor.  For  the  latter  the  cables  employed  are  not 
only  large,  but  they  are  also  made  as  short  and  direct  as  possible 
to  save  current  as  well  as  expense  in  the  installation. 

Q.  What  is  the  smallest  wire  that  should  be  employed  in 
automobile  wiring? 

A.  \o.  14  B.  &  S.  gage,  and  this  should  be  used  only  for  the 
tail  laHij),  dash  lamp,  j)riniary  circuit  of  the  ignition,  or  similar 
purpose.  Xo.  10  or  Xo.  12  is  usually  employed  for  the  other  lighting 
circuits. 

Q.  When,  in  making  alterations  on  a  car,  it  i>ecomes  neces- 
sary to  extend  a  circuit,  what  should  be  done? 

A.  The  ends  of  the  wires  should  be  scraped  clean  and  bright 
for  at  lea>t  2  inches,  an<l  a  lineman's  joint  made  with  the  aid  of 
the  plier>  to  injure  having  it  tight.  A  lineman's  joint  is  made  by 
crossing  the  bared  ends  of  the  wires  at  their  centers  at  right  angles 
to  each  other,  then  wra|)ping  or  coiHng  each  extending  end  tight 
around  the  opposite  wire;  tlie  joint  then  should  be  soldered  and 
well  taped.  A  circuit  should  he  extende<l  only  by  using  wire  of  the 
sani(»  size  and  character  of  insulation.  Xone  of  the  foregoing  applies 
to  the  starting-motor  circuit.  It  is  inadvisable  to  lengthen  this 
circuit  if  avoidable,  but  in  the  rare  instances  when  it  would  be 
necessary,  new  cable  of  the  same  si/.e  or  larger  and  with  the  same 
insulation  should   be  cut  to  the  proper  length  and  the  old  cable 
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discarded.    All  terminals  should  be  solidly  fastened  to  the  new  cable 
by  soldering. 

Q.  Why  is  it  necessaiy  to  use  such  heavy  cable  for  the  connec- 
tion of  the  starting  motor  to  the  battery? 

A.  It  is  essential  that  the  exceedingly  heavy  starting  current 
be  transmitted  with  the  minimum  of  loss. 

Q.  What  is  considered  the  minimum  permissible  loss  in  the 
starting-system  wiring? 

A.  One  maker  specifies  that  the  starting  cable  must  be  large 
enough  to  transmit  a  maximum  current  of  400  amperes  with  not  over 
one-fourth  volt  total  loss. 

Q.  Why  is  it  important  to  hold  the  voltage  drop  down  to  a  maxi- 
mum so  small  as  to  be  negligible  in  almost  any  other  application? 

A.  Owing  to  the  heavy  current  necessary,  as  a  drop  of  but  J 
volt  in  potential  with  a  current  of  400  amperes  represents  a  loss  of  100 
watts,  or  close  to  +  horsepower.  Of  course,  the  current  seldom 
reaches  such  a  high  value  as  this  except  when  a  motor  is  exceptionally 
stiff,  as  in  severe  cold  weather  or  just  after  its  bearings  have  been  set 
up  very  tight;  moreover,  this  loss  takes  place  at  the  instant  of  stalling 
only,  but  it  is  just  at  this  time  that  the  highest  eflSciency  and  full 
battery  power  is  needed  to  start  without  spinning  the  engine  too  much. 

Q.  On  some  of  the  early  systems  whose  efficiency  was  not  of 
the  best,  how  can  the  proper  size  of  cable  to  use  between  the  starting 
motor  and  battery  be  determined? 

A.  Test  the  starting  motor  with  a  high-reading  ammeter  (scale 
should  read  to  at  least  300  amperes)  after  having  made  certain  by 
hydrometer  and  voltage  tests  that  the  storage  battery  is  fully  charged. 
(See  instructions  regarding  this.)  Carefully  note  ammeter  reading 
exactly  at  instant  of  closing  switch,  to  determine  maximum  current 
flow.  Measure  the  length  of  cable  between  the  battery  and  the 
starting  motor,  i.e.,  both  sides  of  starting  switch.  Then  maximum 
starting  current  times  10.7  times  number  of  feet  of  cable  used,  divided 
by  .25  will  give  the  cross-section  of  the  wire  in  circular  mills.  For 
example,  assume  that  the  starting  motor  required  a  maximum  of  300 
amperes  momentarily  to  break  away  the  engine,  and  five  feet  of 
cable  are  employed  for  the  connections.    Then 
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By  referring  to  Table  I,  Part  I,  which  gives  the  various  size  wires  in 
circular  mills  and  their  equivalent  in  gage  sizes,  it  will  be  noted  that 
the  closest  approach  to  this  is  No.  00  cable,  which  is  133,079  circular 
mills,  so  that  the  largest  size  cable  would  have  to  be  used.  If  the 
starting  cable  used  on  an  old  system  which  does  not  show  particularly 
good  efficiency  is  much  smaller  than  this,  it  would  probably  be  an 
advantage  to  replace  it  with  larger  cable,  assuming,  of  course,  that 
e\'ery  other  part  of  the  system  is  in  good  condition  and  working 
properly. 

Q.    Why  should  connections  be  inspected  frequently? 

A.  The  vibration  and  jolting  to  which  they  are  subjected  in 
service  is  so  severe  that  no  mechanical  joint  can  be  depended  upon 
to  remain  tight  indefinitely. 

Q.    What  harm  does  a  loose  or  dirty  connection  occasion? 

A.  A  loose  connection  causes  the  formation  of  an  arc  between 
its  contjiets  whenever  vibration  causes  the  parts  to  separate  tem- 
j)orarily.  This  wastes  current  and  burns  the  metal  away,  leaving 
oxidized  surfaces  which  are  partially  insulating,  thus  increasing 
tlie  resistance  at  the  connection.  Dirt  getting  between  the  surfaces 
of  the  connector  has  the  same  effect;  the  resistance  is  increased  and 
tliere  is  a  correspondingly  increased  drop  in  the  voltage  of  the 
circuit,  whicli  cuts  down  its  efficiency. 

Q.  Why  should  all  terminals  be  well  taped  when  the  battery, 
starting  motor,  generator,  or  other  apparatus  is  temporarily  dis- 
connected for  purposes  of  inspection  or  test? 

A.  To  prevent  accidental  short-circuits  which  would  be  caused 
hy  these  terminals  coming  in  contact  with  any  metal  part  of  the 
chassis  on  a  single-wire  system.  Such  a  short-circuit  would  ruin 
the  l)attery  and  burn  out  any  lamps  that  happened  to  be  included 
in  the  circuit.  This  precaution  applies  with  equal  force  to  the  two- 
wire  systems,  as  in  this  case  the  terminals  of  the  different  wires 
might  come  together,  or  there  might  be  a  ground  connection  in 
the  svstem. 

PROTECTIVn  AND  OPERATIVE  DEVICES 

Q.  What  are  the  protective  devices  usually  employed  on 
electric  systems? 

A.     Fuses  in  the  separate  lamp  circuits,  in  the  ground  con- 
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£tion,  and  in  the  field  circuit  of  the  generator  on  some  machine 
itt«ry  cut-out  for  the  charging  circuit;  circuit-breaker  whic 
ikes  the  place  of  the  fuses. 

Fuses 
Q.    What  is  a  fuse  and  what  is  its  function? 

A.  A  fuse  consists  of  a  piece  of  wire  of  an  alloy  which  meli 
at  a  low  temperature  and  which  will  only  carry  a  certain  amount  i 
current  without  melting,  the  latter  depending  upon  the  diameti 
of  the  wire,  i.e.,  cross-section  and  the  nature  of  the  alloy.  The  fui 
is  usually  in  the  form  of  a  cartridge,  the  vrire  heing  encased  in  a 
insulating  tube  having  brass  ends,  to  which  the  ends  of  the  wire  ai 
soldered.  These  brass  ends  are  pressed  into  spring  clips  to  put  ti 
fuse  in  circuit.  In  some  cases  open  fuse  blocks  are  employed,  tl 
wire  itself  simply  being  clamped  under  the  screw  connectors  on  tl 
porcelain  block.  The  function  of  the  fuse  is  to  protect  the  battel 
and  the  lamps  when,  by  reason  of  a  ground  or  short-circuit  in  tl 
wiring,  an  excessive  amount  of  current  flows.  ' 

Q.    When  a  fuse  blows  out  what  should  be  done? 

A.  Investigate  the  cause  before  replacing  it  with  a  new  on 
(See  Wiring  Systems.) 

Q.    Is  it  permissible  to  bridge  the  fuse  gap  with  a  piece 
copper  wire  when  no  replacements  are  at  hand? 

A      Only  in   caws  f>f  pmerE*n<'y   and   after  the  short-oirc 

■  fii^c  I..  l)low  has  iK-i-n  renie.lie.1.     Tin-  fin 

:■  strand  from  a  picc* 
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fuse  may  be  inserted  without  instantly  blowing,  as  it  would  do  were 
the  short-circuit  constant.  This  is  often  the  case  as  the  car  is  stopped 
to  inspect  the  wiring  and  insert  the  new  fuse,  and  standing  still  lets  the 
part  drop  out  of  contact;  starting  up  shakes  it  into  contact  once 
more  and  blows  the  new  fuse.  Loose  connections,  wires  with  abraded 
insulation,  and  bulbs  loosely  inserted  in  their  sockets  are  apt  to  cause 
trouble  of  this  nature. 

Q.  Does  the  blowing  out  of  a  fuse  necessarily  indicate  a  fault  in 
the  wiring  or  in  some  other  part  of  the  system? 

A.  No,  since  a  bulb  in  burning  out  will  frequently  cause  the  fuse 
to  blow  out.  This  is  due  to  the  fact  that  in  breaking,  the  end  of  the 
parted  filament  of  the  bulb  may  fall  across  the  other  terminal  where  it 
comes  through  the  glass,  thus  causing  either  a  short-circuit  or  such  a 
reduction  in  the  ordinary  resistance  as  to  permit  a  much  heavier  rush 
of  current  than  normal,  with  the  result  that  the  fuse  goes.  To  test, 
leave  burnt-out  bulb  in  place  temporarily;  short-circuit  fuse  clips  with 
scn»w  driver  or  pliers,  just  touching  them  momentarily;  if  no  spark 
results,  ref)lace  bulb  with  a  new  one  and  test  again;  if  a  spark  occurs, 
remove  old  Inill)  and  test  again  with  no  lamp  in  place;  then  if  no  spark 
occurs  in  l)riclging  the  fuse  terminals,  the  circuit  is  all  right,  and  the 
fuse  may  l)e  replaced. 

Q.  When  all  the  lighting  fuses  blow  out  at  once,  what  does 
this  indicate? 

A.  A  short-circuit  across  the  lighting-switch  terminals  would 
cause  this.  In  some  switches  with  exposed  rear  terminals,  it  is 
possible  to  place  a  screwdriver  or  similar  piece  of  metal  in  such  a  posi- 
tion that  it  bridges  practically  all  the  switch  terminals.  If  the  light- 
ing switches  were  all  closed  at  the  time,  this  would  short-circuit  them. 

Circuit-Breaker 

Q.    What  is  a  circuit-breaker,  and  what  is  its  function? 

A.  The  circuit-l)reaker  is  an  electromagnet  with  a  pivoted 
armature  and  contacts,  similar  in  principle  to  the  battery  cut-out. 
All  the  current  used  in  the  various  circuits,  except  that  of  the  start- 
ing motor,  passes  through  it,  and  its  contacts  normally  remain  closed. 
The  winding  of  the  magnet  coil  is  such  that  the  normal  current 
used  by  the  lamps  or  ignition  does  not  affect  it,  but  the  passage 
of  an  excessive  amount  of  current  will  energize  the  magnet,  attract 
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tlie  armature,  and  break  the  circuit.  The  spring  holding  the  anna* 
ture  away  from  the  magnet  will  again  close  the  circuit,  and  the 
drcuit-breaker  will  vibrate  until  the  cause  has  been  removed.  This 
is  usually  a  ground  or  short-circuit.  The  function  of  the  circuit- 
breaker  is  to  protect  the  battery  and  lamps  in  place  of  the  usual  fuses. 

Q.  If  the  circuit-breaker  operates  when  there  are  no  faults 
In  the  wiring,  what  is  likely  to  be  the  cause? 

A.  Its  spring  may  have  become  weakened  so  that  the  vibra- 
tion of  the  car  causes  it  to  operate  on  less  current.  The  Delco 
drcutt'-breaker  is  designed  to  operate  on  25  amperes  or  more,  but, 
once  started,  a  current  of  3  to  5  amperes  will  keep  it  vibrating. 
If  tests  show  that  no  faults  in  the  wiring  or  connections  exist, 
increase  the  spring  tension  with  the  ammeter  in  circuit  until  the 
reading  of  the  latter  indicates  that  the  circuit-breaker  is  not  operat- 
ing on  the  current  of  less  value  than  that  intended.  See  that  the 
contacts  are  clean  and  true. 

Battery  Cut-Out 
Q.    What  is  a  battery  cut-out? 

A.  It  is  an  automatic  double-acting  switch  which  is  closed 
by  the  voltage  of  the  generator  and  opened  by  the  current  from 
the  battery. 

Q.    Of  what  does  it  consist? 

A.     It   is   essentially  a   double-wound   electromagnet   with   a 
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coil  and  closes  the  contacts,  cutting  in  the  current  coil,  which  fur- 
ther excites  the  magnet  and  holds  the  contacts  firmly  together. 
The  closing  of  these  contacts  puts  the  battery  in  circuit  and  it 
begins  to  charge.  As  soon  as  the  generator  speed  falls  below  the 
point  necessary  for  charging,  the  battery  voltage  overcomes  that 
of  the  generator  and  sends  a  current  in  the  reverse  direction  through 
the  current  coil,  causing  the  contacts  to  separate  and  cutting  the 
battery  out  of  the  charging  circuit. 

Q.  If  the  generator  is  run  for  any  length  of  time  at  or  near 
this  critical  speed,  what  is  to  prevent  the  cut-out  from  vibrating 
constantly  instead  of  working  positively  one  way  or  the  other? 

A.  The  resistance  of  the  windings  is  so  proportioned  that 
there  is  a  difference  of  1  to  2  volts  between  the  cutting-in  and  the 
cutting-out  points. 

Q.  What  is  the  result  when  the  battery  cut^>ut — which  is 
variously  termed  a  cut-out,  a  circuit-breaker,  an  automatic  switch, 
and  a  reverse-current  relay  or  an  automata  relay — fails  to  operate? 

A.  If  it  fails  to  cut  in,  i.e.,  the  contacts  do  not  come  together, 
the  battery  does  not  charge  and  will  quickly  show  a  faUing-oif  in 
capacity,  such  as  inahility  to  operate  the  starting  motor  properly  oi 
to  light  the  lamps  to  full  brilliance.  If  it  fails  to  cut  out,  the  battery 
charge  will  be  wasted  through  the  generator  windings  with  the  same 
indications  of  lack  of  capacity. 

Q.    What  is  the  most  frequent  cause  of  trouble? 

A.  Automatic  cut-uuts  have  been  perfected  to  a  point  where 
hut  little  trouble  occurs.  Freezing  or  sticking  together  of  the 
contacts  due  to  excessive  current  will  most  often  be  found  to  be 
t\\v.  cause  of  the  device  failing  to  cut  out  w^hen  the  generator  is 
stopped.  The  poiuts  should  be  cleaned  and  trued  up  as  described 
in  previous  instructions.  Loose  or  dirty  connections  making  poor 
contact  may  insert  suilicieut  extra  resistance  in  the  circuit  to 
prevent  tlie  device  from  cutting  in  at  the  proper  point.  Excessive 
vibration,  particularly  wlien  tlie  cut-out  is  mounted  on  the  dash, 
may  prevent  tlie  contacts  from  staying  together  as  they  should 
when  the  engine  is  running  at  or  above  the  f)roper  si>eed.  See  that 
the  cut-out  is  solidly  mounted.  Temporary  h)ss  of  battery  capacity 
may  be  due  Ui  slow  driving  over  rough  roads  at  about  the  spaced 
at  which  the  cut-out  is  designed  to  put  the  battery  in  circuit. 
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Q.  None  of  the  above  causes  existing,  what  further  tests  may 
be  made? 

A.  The  windings  may  be  tested  as  already  described  for  the 
generator  bindings,  but  trouble  from  this  source  is  equally  rare. 
If  the  contacts  are  clean  and  true  and  the  connections  are  tight, 
look  for  a  loose  connection  elsewhere,  as  at  the  generator  or  battery 
or  the  ground  on  the  frame.  A  loose  connection  vibrates  when  the 
car  is  moving,  constantly  opening  and  closing  the  circuit  and  causing 
the  cut-out  to  do  likewise,  so  that  the  battery  does  not  charge.  A  wire 
from  which  the  insulation  has  been  abraded  will  also  vibrate,  owing 
to  the  movement,  causing  an  intermittent  short-circuit.  With  all  con- 
tacts and  connections  in  good  condition,  failure  to  cut  out  indicates  a 
ground  or  short-circuit  between  the  battery  and  cut-out ;  failure  to  cut 
in  indicates  simitar  trouble  between  the  generator  and  the  cut-out. 

Q.    Is  a  battery  cut-out  necessary  on  every  electrical  system? 

A.  Xo.  On  single-unit  systems  of  the  t\pe  of  the  Dyneto, 
In  which  the  generator  becomes  motorized  as  soon  as  its  speed  and 
consequently  its  voltage  drops  below  a  certain  point,  the  battery 
is  always  in  circuit.  A  plain  knife-blade  switch,  which  also  controls 
the  ignition,  is  closed  to  start  and  left  closed  as  long  as  the  car  is 
running.  But  the  engine  must  not  be  allowe<l  to  run  at  a  speed 
below  which  it  generates  sufficient  ^■oltage  to  cliarge  tlie  battery, 
nor  must  the  switch  be  left  closed  when  the  engine  is  not  running; 
otherwise,  the  batterj'  will  discharge  tlirouRh  tlic  gcncratdr  windings. 
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refer  to  the  flexible,  or  spring-arm  type,  while  in  the  solid-arm  type 
of  the  same  make,  they  are  .010  for  the  distance  between  the  contact 
points  and  .015  for  the  armature  air  gap,  it  being  necessary  that  the 
armature  should  be  set  parallel  with  the  pole  face  of  the  magnet. 

Q.  How  can  these  small  distances  be  accurately  determined 
with  the  facilities  ordinarily  found  in  a  repair  shop? 

A.  The  mamifacturers^usually  supply  a  small  adjusting  wTench, 
the  different  edges  of  which  have  been  ground  to  varying  thicknesses 
representing  the  proper  distances  for  the  various  gaps.  Lacking  one 
of  these,  small  pieces  of  strip  brass  or  steel  may  be  ground  or  filed 
down  to  the  proper  size  and  gauged  with  a  micrometer,  which  should 
be  part  of  the  equipment  of  every  garage.  The  strips  should  be 
stamped  with  the  dimensions  and  name  of  gap  for  identification. 

Q.  How  often  will  the  point  of  a  battery  cut-out  need  adjust- 
ment, or  truing  up? 

A.  Service  conditions  vary  so  greatly  that  it  is  impossible  to  give 
any  definite  average  for  this,  particularly  as  the  instruments  them- 
selves also  are  a  varial)le  quantity,  but,  under  ordinarily  favorable 
conditions,  they  should  not  require  attention  more  than  once  a  year. 

Contact  Points 

Q.  Why  is  it  necessary  to  make  contact  points  of  such  an  e]q>en- 
sive  metal  as  platinum,  and  why  is  the  latter  sometimes  alloyed  with 
irridium? 

A.  There  is  no  other  metal  which  withstands  the  oxidizing 
effect  of  the  electric  arc  and  still  maintains  a  clean  and  bright  con- 
ducting surface  as  docs  platinum.  Irridium  is  added  to  make  the 
platinum  harder,  so  that  it  will  be  more  durable.  On  cheaply  made 
instruments  in  which  no  platinum  has  been  used  in  the  contacts, 
trouble  will  be  experienced  ct)nstantly  with  the  contacts. 

Q.  Is  there  any  substitute  for  platinum  or  any  metal  that 
approaches  it  in  adaptability  for  contact  points? 

A.  There  is  no  substitute  for  platinum,  and  the  only  metal  that 
approaches  it  is  sih'cr.  Where  contact  points  only  separate  occa- 
sionally at  intervals,  as  in  the  Ucniy  thermoelectric  switch,  the  use  of 
silver  contacts  is  pennissihlc;  but  in  a  battery  cut-out,  or  a  regulator 
in  which  the  vibration  t)f  the  points  is  more  or  less  constant,  nothing 
will  serve  so  reliably  as  platinum. 
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Q.  What  is  the  cause  of  the  pcarinum  contacts  burnins  Into  such 
Irregular  ragged  forms? 

A.  When  a  current  of  electricity  passes  through  a  contact  of  this 
nature,  the  material  of  the  positive  electrode  (i.e.,  contact  point 
connected  to  the  positive  side  of  the  circuit)  is  carried  over  by  the 
current  in  the  shape  of  metallic  vapor,  or  infinitely  fine  particles,  and 
deposited  on  the  n^ative  electrode.  The  positive  consequently  takes 
on  the  form  of  a  sharp  point,  while  the  negative  has  a  depression 
formed  in  it,  usually  referred  to  as  a  "peak  and  crater",  which  the  two 
points  resemhle  in  miniature  after  long  use.  This  peak  and  crater 
effect  is  much  more  noticeable  in  an  old-style  carbon  arc  lamp  after 
it  has  been  burning  only  a  few  ho'urs. 

Q.    V/hat  can  be  done  to  prevent  this? 

A.  The  passing  of  the  metal  from  one  electrode  to  the  other 
cannot  be  prevented,  as  it  is  a  function  of  any  arc  or  spark.  It  can 
be  minimized,  however,  by  keeping  the  contacts  in  good  condition  so 
that  the  sparking  is  reduced  to  a  minimum. 

Q.  Can  the  formation  of  the  pack  and  crater  effect,  which  so 
freatly  reduces  the  efikiency  of  the  contacts,  be  avoided? 

A.  The  use  of  a  reversing  switch  in  the  circuit,  as  in  the  case  of 
the  magneto  or  the  battery-tj-pe  interrupter  which  changes  the  direc- 
tion in  which  the  current  flows  through  the  points  e\'ery  time  it  is 
turned  on,  will  overcome  this.  Where  there  is  no  reversing  switch 
in  the  ignition  circuit  or  where  one  cannot  be  used,  attention  to  the 
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to  make  true  parallel  surfaces,  the  points  need  not  be  replaced 
the  means  for  adjustment  permits  utilizing  them  when  worn  far  doiri 
Q.    What  is  the  cause  of  the  points  freeziag,  or  stickin 
together? 

A.  Permitting  them  to  wear  down  to  a  point  where  they  are 
very  poor  condition  and  where  the  gap  l>etween  parts  of  their  surfu 
causes  the  formation  of  s  heavy  arc,  or  hot  flash  of  current,  whi 
practically  welds  them  together.  By  giving  them  the  oecessa 
attention  at  regular  inten-als,  this  may  be  avoided. 

Q.    How  often  should  the  contact  points  need  attention? 

A,  When  new,  they  should  run  for  a  year  or  more  without  a 
attention.  After  they  have  been' trued  up,  the  succeeding  inten 
will  often  depend  upon  the  skill  and  care  with  which  this  has  be 
carried  out. 

Switches 

Q.  How  do  switches  as  employed  on  the  automobile  difl 
in  principle  and  operation? 

A.  Starting-circuit  switches  are  either  of  the  knife-blade 
the  flat-contact  type,  while  in  the  majority  of  cases  the  lighti 
switches  are  of  the  push-button  t>-pe,  though  knife-blade  switch 
are  used  for  this  purpose  also.  In  some  instances,  one  of  the  brush 
of  the  machine  is  made  to  serve  as  a  switch,  as  in  the  Delco.  On 
narily,  the  switch  is  normally  held  open  by  a  spring  and  is  clos 
by  foot  pressure,  the  spring  retiu-ning  it  to  the  open  position 
soon  as  released.  A  variation  of  this  is  the  Westinghouse  electi 
magnetically  operated  switch  in  which  a  solenoid  takes  the  place 
foot  operation.  The  circuit  of  the  solenoid  is  controlled  by  a  sprii 
push  button,  which  is  normally  held  out  of  contact.  Single-ur 
systems,  such  as  the  Dyneto,  in  which  the  machine  automatical 
becomes  motorize<l  when  the  speed  drops  below  a  certain  poir 
are  controlled  by  a  standard  single-throw  single-pole  knifc-blat 
switch  which  is  left  closed  as  long  as  the  machine  is  running. 

Q.    What  faults  may  be  looked  for  in  switches? 

A.  Ix>osc  connections;  weakening  of  the  spring;  burning  > 
the  contact  faces  in  the  knife-blade  tj-pe,  due  to  arcing  caused  I: 
releasing  too  slowly;  dirt  or  other  insulating  substance  accumulatir 
on  the  contact  faces  of  the  flat-contact  type;  failure  to  release  throug 
binding. 
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Q.  Why  is  K  important  to  keep  the  switch  contact  faces  clean 
andbr^t? 

A,  Dirt  or  burned  surfaces  increa^  the  resistance  and  cause 
a  drop  in  the  voltage  at  the  starting  motor.  The  energy  represented 
by  an  electric  current  is  a  measure  of  the  volume  or  amperes  times 
the  voltage  or  pressure  under  which  it  flows,  and,  as  such  low  voltages 
are  used,  only  a  slight  falling  off  represents  a  serious  percentage 
of  the  total  potential.  With  a  dirty  switch  or  one  that  makes  poor 
contact,  current  that  should  be  utilized  in  the  starting  motor  is 
wasted  in  overcoming  the  resistance  of  the  switch. 

Q.  Why  is  it  inadvisable  to  insert  an  extra  switch  in  the  start- 
ing circuit,  as  is  done  in  some  cases  by  owners  to  insure  against 
theft? 

A.  Because  of  the  drop  in  voltage.  The  loss  in  switches  as 
designed  for  lighting  circuits  is  about  1  per  cent,  or  a  little  over  1 
volt.  If  the  same  switch  is  used  on  the  low  voltage  of  the  starter 
system,  the  loss  is  then  equivalent  to  about  10  per  cent. 

LianTINQ  AND  INDICATORS 

Q.  How  many  types  of  bulbs  are  there  in  general  use  on 
automobiles? 

A.  Four:  miniature  and  candelabra  screw  base,  and  single- 
and  double-contact  bayonet-lock  base,  both  of  the  latter  being  of 
llie  miidclubra  size. 
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Q.    Are  these  the  only  vtdt^es  In  which  the  bulbs  are  made? 

A.  No.  They  are  the  types  that  are  being  standardiu 
to  reduce  the  stock  of  replacements  that  it  is  necessary  for  a  gataj 
to  carry.  It  has  been  customary  for  the  lamp  manufacturer 
supply  bulbs  made  exactly  for  any  voltage  that  the  maker  of  t) 
electric  3>-stem  ordered.  Taking  into  consideration  only  the  stands 
sizes  now  listed  for  use  on  ^,  6-,  and  9-ceU  systems,  and  the  diBen 
bases  regularly  used,  there  are  about  twenty-four  different  bul 
that  should  be  stocked  by  a  garage.  In  addition,  about  forty  oth 
nzes  are  in  general  use,  and  if  individual  voltages  had  to  be  su 
plied,  considering  the  different  standard  bases,  a  stock  of  ov 
two-hundred  different  bulb  sizes  would  be  required. 

Q.  Why  is  the  volti^  of  a  bulb  expressed  as  "6 — 8",  "ll 
16",  etc? 

A.  Owing  to  the  rise  and  fall  of  the  battery  voltage  accordii 
to  its  state  of  charge,  this  variation  must  be  provided  for,  or  ti 
lamps  would  be  burned  out  when  the  battery  was  fully  chai^ 
Headlight  bulbs  for  3-cell  systems  are  made  for  6|  volts,  while  tl 
side,  rear,  and  speedometer  lights  are  made  for  6}  volts,  owing 
the  lesser  voltage  drop  in  their  circuits,  but  they  will  all  opera 
satisfactorily  on  a  potential  that  does  not  exceed  8  volts  or  does  n< 
drop  below  (i  volts. 

Q.    When  all  the  lanqis  bum  dimly,  what  Is  the  cwise? 

A.  The  battery  is  nearly  exhausted,  in  which  case  its  voltai 
will  be  only  5.2  to  5.5  volts  for  a  3-cell  sj'stem.  The  car  should  1 
run  with  as  few  lights  as  necessary  to  permit  the  generator  to  char] 
the  battery  quickly. 

Q.     What  is  the  cause  of  one  light  failing? 

A.  Bulb  burned  out  or  its  fuse  blown;  examine  the  fuse  befo 
replucing  the  bulb  aii<l  if  blown,  examine  the  wiring  before  puttii 
in  a  new  bulb.  Poor  contact;  see  that  the  lamp  is  put  in  proper! 
and  turned  to  lock  it  in  place.  A  double-contact  bulb  may  hai 
been  put  in  single-contact  socket,  or  mce  versa. 

Q.    Why  will  one  lamp  burn  much  brighter  than  the  other? 

A.  A  replacement  may  have  been  made  with  a  bulb  of  high< 
voltage;  a  12-volt  bulb  will  give  only  a  dull  red  glow  on  a  3-ce 
system.  Where  the  difference  is  not  so  marked  as  this,  but  sti 
very  perceptible,  it  may  be  due  to  the  difference  in  the  age  of  tb 
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lamps.  As  a  bulb  grows  old  in  service,  its  filament  resistance 
increases,  so  that  it  does  not  take  so  much  current  and  will  not 
bum  as  brightly  as  when  new. 

Q.  Will  the  failure- (rf  a  bulb  cause  its  fuse  to  blow  though 
there  is  no  fault  hi  its  drcuit? 

A.  This  sometimes  happens  owing  to  the  breaking  down  of 
the  filament,  causing  a  short-drcuit  when  the  lamp  fails. 

Q.  Can  the  pn^ier  voltage  bulbs  needed  for  any  system  always 
be  told  simply  by  taking  the  total  voltage  of  the  battery,  i.e.,  the 
number  of  cells  times  2? 

A,  No.  Always  examine  the  burned  out  bulb  and  replace 
with  one  of  the  same  kind.  Many  6-cell  systems  use  6-volt  lamps 
and  are  known  as  12 — 6-voIt  systems.  The  battery  is  divided  into 
two  groups  in  series  parallel  for  lighting  and  sometimes  for  charging, 
all  the  cells  being  in  series  for  starting.  Other  arbitrarj'  voltages 
are  also  adopted;  for  example,  14-volt  bulbs  are  used  on  12-cell 
systems,  the  battery  being  divided  in  the  same  manner,  so  that 
this  would  be  a  24 — 12-volt  system.  The  only'safe  way  to  order 
replacements  is  to  give  the  voltage  on  the  printe<l  label  on  the  old 
bulb  and  state  the  make  of  the  system  on  which  it  is  to  be  used. 

Q.  What  type  of  bulb  is  used  where  the  current  is  taken  from 
the  magneto,  as  on  the  Ford? 

A.  As  supplied  by  the  maker,  only  the  headlights  are  wire<l, 
and  they  are  in  series,  and  in  recent  models  a  ft-volt  bulb  is  used, 
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focal  length  of  the  reflector  is  made  greater  than  this  to  permit  oi 
adjustment.  The  center  of  the  filament  should  be  back  of  the  focu 
of  the  reflector  to  spread  the  beam  of  light.  In  this  position  i 
greater  number  of  the  light  rax-s  are  utilized  and  redirected  by  tb 
reflector,  producing  a  higher  beam  candlepower.  If  the  center  a 
the  filament  is  forward  of  the  focus,  the  lower  part  of  the  r^ecto 
will  produce  the  most  glare  and  throw  it  into  the  eyes  of  pedestrian 
and  approaching  drivers. 

Q.    How  can  the  headlights  be  focused? 

A.  Place  the  car  in  position  where  light  can  be  directed  agaim 
a  wall  about  100  feet  distant.  Adjust  the  bulbs  backward  or  forwan 
until  the  spotlight  on  the  wall  is  most  brilliant  and  free  from  blad 
rings  and  streaks.  When  this  position  is  found,  lock  the  bulb  securel; 
in  place.  Focus  each  headlight  separately.  See  that  the  lam] 
brackets  are  set  so  that  the  light  is  being  projected  directly  ahead 

Q.  How  can  metal  headlight  reflectors  be  cleaned  who 
discolored? 

A.  Wash  by.  directing  a  gentle  stream  of  cold  water  agains 
the  surfaces  and  allow  to  dry  without  touching  them.  The  reflector 
should  never  be  rul)bed  with  cloth  or  paper  as  it  will  scratch  thi 
highly  polished  surfaces.  If  they  become  very  dull,  it  will  be  neces 
sary  to  have  them  replated. 

Q.  What  is  the  meaning  of  the  identification  marks  usuall; 
placed  on  bulbs,  in  addition  to  the  voltage,  such  as  ''Q-<i"? 

A.  This  refers  to  the  size  and  shape  of  the  bulb.  The  diamete 
of  the  glass  bulb  is  expressed  in  eighths  of  an  inch  and  its  shape  b] 
a  prefixed  G  for  round  (globular),  T  for  tubular,  S  for  straight 
side,  etc.    Thus,  G-6  is  a  round  bulb  f  inch  or  J  inch  in  diameter 

Instruments 

Q.  What  instruments  ordinarily  are  employed  in  connectioi 
with  electric  systems  on  the  automobile? 

A.  Either  a  double-reading  ammeter,  a  volt-ammeter,  or  ar 
indicator,  the  first  named  being  employed  generally.  The  ammetei 
sliows  whether  the  battery  is  charging  or  discharging  or  whether  nr 
current  is  passing;  the  indicator  reads  either  Off  or  On\  while  the 
voltarameter  gives  the  voltage,  usually  upon  pressing  a  button  tc 
put  it  into  o\)eratvou,  iu  addition  ta  the  reading  already  mentioned, 
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Q.    On  what  circuits  are  the  indicating  instruments  placed? 

A.  Tbe  charging  circuit  from  the  generator  to  the  battery, 
and  the  lamp  and  ignition  circuits. 

Q.    Why  is  an  ammeter  not  used  for  the  starting-motor  circuit? 

A.  The  current  is  so  heavy  and  varies  so  greatly  with  the 
conditions  that  an  ammeter  designed  to  give  an  accurate  reading 
of  it  would  not  be  sensitive  enough  to  indicate  the  smaller  amounts 
of  current  used  by  the  lamps,  or  produced  by  the  generator  for 
charging.  Furthermore,  the  starting  motor  is  Intended  only  to 
be  used  for  very  short  periods,  while  the  other  circuits  are  in 
constant  use. 

Q.    Do  the  small  ammeters  employed  fail  very  often? 

A.  Considering  the  unusually  severe  treatment  to  which  they 
are  subjected  by  the  vibration  and  jolting  of  the  car,  their  failure 
ia  comparatively  rare,  but  as  the  conditions  are  so  severe  for  a 
sensitive  indicating  instrument,  too  much  dependence  should  not 
be  placed  on  the  ammeter  reading  when  making  tests. 

Q.    What  are  the  usual  causes  of  failure? 

A,  Failure  to  indicate — the  generator,  wiring,  and  other  parts 
of  the  circuit  being  in  good  operative  condition — may  be  caused  by 
the  pointer  becoming  bent,  so  as  to  bind  it;  the  pointer  may  have 
been  shaken  off  its  base  altogether  by  the  jolting,  or  one  of  its  connec- 
tions may  have  sprung  loose  from  the  same  cause. 

Q.    How  can  the  ammeter  reading  be  checked? 
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resistance  coil  pennits  only  a  small  amount  of  cmrent  to  paas.  A 
ammeter  reading  from  a  storage  battery  gives  no  indication  whatevi 
of  its  condition,  whereas  the  voltage  affords  a  dose  dieck  on  tii 
state  of  charge,  varying  from  1.75  for  a  completely  discharged  ce 
to  2.55  volts  for  a  fully  charged  one,  the  readings  alwa^-s  bein 
taken  when  the  battery  is  either  charging  or  discharging.  Tli 
voltage  on  discharge  will  not  be  as  high  as  on  charge,  the  conditioE 
otherwise  being  the  same. 

Q.  Why  are  indicators  employed  on  some  systems  instea 
of  ammeters? 

A.  As  the  indicator  is  not  designed  to  give  a  quantitativ 
reading,  it  need  not  be  so  sensitive  as  an  anuneter  and  according 
can  be  made  more  durable. 

Q.  What  are  the  most  frequent  causes  of  faflure  off  an  ind 
cator? 

A.  Usually  of  a  mechanical  nature  caused  by  the  jolting,  sue 
as  the  target  being  shaken  off  its  bearings,  broken  wire,  etc. 

Q.  When  the  engine  is  running  stowly,  and  the  ammeter  or  tli 
indkator  flutters  constantly,  going  from  ''On*'  to  *'OflP'  at  short  intei 
vals,  in  the  case  of  the  indk:ator,  or  from  a  small  charging  current  t 
zero,  in  the  case  of  the  ammeter,  what  does  this  signify? 

A.  Tliat  the  setting  of  the  battery  cut-out  is  very  sensiti^ 
mid  that  the  engine  is  then  running  at  or  about  the  speed  that  tl 
iiistnnnent  should  cut-in.  Since  the  speed  of  an  engine  varies  coi 
sid(THl)ly  wlien  running  slowly,  picking  up  momentarily  and  the 
falling;  ofT  for  u  longer  period,  there  is  a  corresponding  variation  in  t\ 
potential,  causing  tlie  cut-out  to  operate  intermittently.  This  is 
condition  that  seldom  occurs  and  results  in  no  harm  when  it  does. 

Q.    When  the  ammeter  or  indk:ator  flutters  in  the  same  mann( 
with  the  engine  running  at  medium  or  at  high  speed,  what  does 
indicate? 

A.  That  there  is  a  loose  connection  between  the  generator  an 
the  cut-out.  or  an  intermittent  short-circuit  or  ground  caused  by 
chafinl  wire  alternately  making  contact  with  some  metal  part  owin 
to  the  vibration.  It  is  much  more  likely  to  be  simply  a  loose  conne< 
tion  and  will  l)e  found  most  often  on  the  back  of  the  cut-out  itsel 
This  should  i)e  renu*<lie<l  at  once.  If  neglected,  it  will  cause  abnormj 
wear  of  t\\e  p\at\\\\ivxvpc\\\\s>\\v>Jcv^cvaXrQ^ 


Tl^ 


ELECTRICAL  EQUIPMENT  663 

Q.    When  the  ammeter  does  not  indicate  "Charge"  though  the 
t  Is  speeded  up,  but  does  register  a  discharge  when  the  lights 
are  turned  on  and  the  engine  is  idle,  what  is  the  nature  of  the  trouble? 

A.  Either  the  generator  b  not  producing  current  or  the  regula- 
tor (where  an  external  type  is  employed)  is  not  working  properly. 
Tlie  generator  brushes  may  not  be  making  proper  contact  with  the 
commutator,  or  there  may  be  a  loose,  corroded,  or  broken  connection 
in  the  generator  cut-out  battery  circuit.  Where  a  belt  drives  the 
generator,  it  may  be  too  loose  to  run  the  machine  at  its  proper  speed. 

Q.  When  the  ammeter  gives  no  charging  indication  though  the 
lamps  are  off  and  the  engine  is  speeded  up,  and  gives  no  discharging 
indication  though  the  engine  is  idle  and  lamps  are  switched  on,  what 
is  likely  to  be  the  cause? 

A.  There  is  an  open  or  a  loose  connection  in  the  battery  circuit 
or  in  the  battery  itself.  The  ammeter  may  be  at  fault.  See  that  its 
indicating  jwinter  has  not  become  jammed  nor  dropped  off  its  bearings. 

Q.  In  case  the  ammeter  indicates  "Discharge"  though  the 
engine  be  idle  and  all  lights  turned  off,  what  is  the  trouble? 

A.  There  is  a  short-circuit  or  a  ground  somewhere  in  the  light- 
ing drcuits  or  between  the  battery  and  the  ammeter,  as  the  discharge 
reading  in  such  circumstances  indicates  a  leakage  of  current;  or  the 
cut-out  has  failed  to  operate  and  still  has  the  battery  in  circuit  with 
the  generator,  though  the  engine  is  stopped.  The  ammeter  pointer 
may  be  bent. 
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A.  There  may  be  a  short-circuited  cell  in  the  battery,  or  a  short 
in  the  charging  circuit,  or  the  regulator  (external  type)  may  not  be 
working  properly. 

Q.  What  will  cause  the  discharge  reading  of  the  ammeter  to 
become  abnormally  high? 

A.  The  lamp  load  may  be  excessive,  as  where  higher  candle- 
power  bulbs  are  used,  or  more  lights  than  originally  intended  are  put 
in  the  circuit.  There  may  be  leakage  in  some  part  of  the  lighting 
Circuit,  or  the  cutout  contacts  may  be  stuck  together,  permitting  a 
discharge  through  it  or  through  the  generator. 

ELECTRIC  QEAR-SHIFT 

Q.  What  is  the  operating  principle  upon  which  the  electric  gear- 
shifting  mechanism  is  based? 

A.  That  of  the  solenoid  and  its  attraction  for  its  core  when  a 
current  is  passed  through  its  winding. 

Q.  What  is  the  source  of  current  supply  for  the  electric  gear^ 
shift? 

A.  The  storage  battery  of  the  lighting  system.  The  operation 
of  gear-shifting  is  carried  out  so  quickly  that  only  a  nominal  additional 
demand  is  made  on  the  battery. 

Q.     How  is  the  electric  gear-shift  controlled? 

A.  By  a  series  of  buttons  corresponding  to  the  various  speeds 
and  located  on  the  steering  wheel,  and  by  a  master  switch. 

Q.    What  is  the  object  of  the  buttons,  and  what  are  they  termed? 

A.  To  ])artly  close  the  circuit  to  the  particular  solenoid  of  the 
speed  desired.  They  are  termed  "selector  switches"  since  they  per- 
mit selecting  in  advance  the  speed  desired. 

Q.    Why  is  a  master  switch  employed,  and  why  is  it  so  called? 

A.  To  avoid  the  complication  which  would  otherwise  result 
from  the  necessity  of  providing  two  switches  for  each  change  of  speed, 
i.e.,  a  selector  switch  and  an  operating  switch.  It  is  termed  a  master 
switch  because  it  controls  the  current  supply  to  all  of  the  circuits. 

Q.  Why  is  a  neutral  button  provided  in  addition  to  the  but- 
tons for  the  various  speeds  on  the  selector  sw  itch? 

A.  To  return  any  of  the  selector  buttons  to  neutral  without 
the  necessity  of  going  through  that  speed  in  case  it  is  not  desired  to 
engage  the  speed  in  question  after  the  button  has  been  pushed     Also 
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to  open  any  of  the  selector  switches  that  may  be  closed  when  it  is 
desired  to  stop. 

Q.    What  is  the  neutralizing  device? 

A.  It  is  a  mechanism  incorporated  with  the  shifting  mechanism 
to  open  the  master  switch  automatically  after  the  gears  have  been 
engaged. 

Q.    Why  is  the  neutralizing  device  necessary? 

A.  If  it  were  not  provided,  the  master  switch  would  remain 
closed,  causing  a  constant  drain  on  the  battery  and  rendering  the 
mechanism  inoperative  after  one  shift  had  been  made. 

Q.  How  many  solenoids  are  provided  in  the  standard  three- 
speed  and  reverse  gear  box? 

A.     One  for  every  movement  necessary. 

Q.  Is  the  current  sent  through  a  solenoid  in  one  direction  to 
pull  the  shifting  bar  into  it  and  then  in  the  opposite  direction  to  move 
the  bar  the  other  way? 

A.  No,  the  current  is  not  reversed  through  the  same  solenoid. 
After  the  left-hand  solenoid,  operating  the  first-speed  gear,  for 
example,  has  pulled  the  shifter  bar  to  the  left,  a  second  solenoid, 
on  the  opposite  end  of  the  same  bar,  is  energized  to  pull  it  back  to  the 
right,  to  shift  to  second  or  intermediate.  The  current  is  sent  through 
a  different  solenoid  by  means  of  the  selector  switches  for  each  shift 
desired. 

Q.    When  the  electric  gear-shift  failed  to  operate,  where  would 
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broken  under  the  insulation,  but,  until  expenence  has  been  gained  m 
its  use,  it  will  be  nothing  unusual  to  find  that  the  points  have  been 
touched  to  connecting  pieces  of  metal  whidi  have  no  relation  to  the 
circuit.  As  such  metal  will  complete  the  circuit  throu^  the  hmp, 
the  latter  will  light,  but  without  indicating  anything  of  value  to  th( 
trouble  hunter.  Always  test  the  lamp  itself  before  proceeding.  Ii 
may  have  become  partly  unscrewed  in  its  socket  or  its  filament  ma; 

have  been  broken. 

BATTERY 
Electrolyte 

Q.  Why  is  it  necessary  to  refill  the  battery  jars  at  regula 
intervals? 

A.  Because  the  heat  generated  in  the  cells  evaporates  th 
water  from  the  electrol^-te,  and,  if  the  latter  is  permitted  to  fal 
below  the  tops  of  the  plates,  they  will  dry  out  where  they  ar 
exposed,  and  the  heat  of  charging  will  then  cause  them  to  disinte 
grate,  ruining  the  battery. 

Q.  Why  should  this  be  done  at  intervals  of  not  less  thai 
two  weeks? 

A.  Because  the  limited  amount  of  electrolyte  permittee 
by  the  restricted  size  of  the  cells  over  the  plates — usually  one-hal 
inch — will  be  evaporated  in  that  period  by  a  battery  that  is  ii 
more  or  less  constant  use. 

Q.  Why  should  water  alone  and  never  acid  or  electrolyte 
be  used  to  make  up  this  loss? 

A.  ()nl\'  the  water  evaporates,  so  that  if  either  acid  or  fresl 
electrolyte  is  added,  it  will  disturb  the  specific  gravity  of  the  solu- 
tion in  the  cells  and  totallv  alter  their  condition. 

Q.  What  is  the  reason  that  battery  manufacturers  insist 
that  only  distilled  water  or  its  nearest  equivalent,  rain  water  oi 
melted  artificial  ice,  be  used  for  this  purpose? 

A.  Because  ordinary  water  contains  impurities  that  arc 
apt  to  liarni  the  plates,  such  as  iron  salts,  or  alkaline  salts  that  will 
affect  both  the  plates  and  the  electrolyte. 

Q.  What  should  be  done  to  a  battery  that  has  had  its  eff icienc> 
impaired  by  being  filled  with  impure  water? 

A.  The  c^lls  should  be  taken  apart,  the  separators  discarded, 
the  plates  thoiougj^lv  \?«k&Vved  lox  Vlq.\m%  vdl  ^1^»xl  tuiuun^  water 
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without  expoang  tbem  to  the  air  where  they  would  dry,  the  jars 
waahed  out,  the  plates  reasaembled  with  new  separators,  the  jars 
filled  with  fresh  electrolyte  of  the  proper  specific  gra\*ity,  and  the 
battery  put  on  a  long  slow  charge  from  an  outside  charging  source, 
i.e.,  not  on  the  car  itself.  Unless  there  are  proper  facilities  for 
carrying  this  out,  it  will  be  preferable  to  ship  the  battery  back  to 
the  maker  so  that  it  can  be  given  proper  treatment,  particularly 
as  it  is  necessary  to  reseal  the  cells. 

Q.    How  is  electrolyte  prepared? 

A.  By  adding  pure  sulphuric  acid  a  very  little  at  a  time  to 
distilled  water  until  the  proper  specific  gravity  is  reached,  and  then 
permitting  the  solution  to  cool  before  using.  The  mixture  must 
always  be  made  in  a  porcelain,  hard  rubber,  or  glass  jar;  never 
in  a  metal  vessel.  Commercial  sulphunc  acid  or  vitriol  should 
not  be  employed,  as  it  is  far  from  pm«.  Never  add  water  to  acid. 
>Vben  the  two  are  brought  together,  their  chemical  combination 
evolves  a  great  amount  of  heat,  and  the  acid  will  be  violently 
spattered  about. 

Q.  How  often  should  distilled  or  rain  water  be  added  to  the 
cells? 

A.  This  will  vary  not  alone  with  different  s\'stem3  but  with 
different  cars  equipped  with  the  same  system,  owing  to  the  <lifference 
in  conditions  of  operation.  The  onlj'  waj'  to  determine  tliis  <lefinitely 
is  to  inspect  the  cells  at  short  intervals  and  note  how  long  they  will 
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may  take  the  f ofm  of  a  amaP-^rshtancr  mnt  oonsisdiig  of  Gcnna 
silver  or  other  hi^k-resistaiice  wire  wound  oo  a  porcelain  tul 
and  mounted  on  the  forward  side  of  the  dash.  A  single^pole  km 
mritch  should  be  placed  in  the  circuit  with  the  lesiatanoe  so  th 
the  ktter  can  be  cut  in  or  out  of  the  generator  circuit  as  circun 
stances  may  require. 

Q.  With  cooditkws  as  in  the  prcccdiflK  qaestioa,  how  caa  fl 
amount  of  resistance  lo  be  inserted  in  the  drenit  be  ficnred? 

A.    By  the  use  of  Ohm's  law.    In  this  case,  it  would  be  R^^-. 

or  resistance  equals  voltage  divided  by  current.  How  much  resis 
ance  to  use  can  only  be  answered  by  the  conditions  of  c^xratioi 
Where  a  car  is  used  steadily  during  the  day  and  very  seldom  at  nigh 
it  may  be  necessary  to  reduce  the  charge  by  two-thirds.  In  the  cas 
of  a  6-volt  system  normally  charging  at  12  amperes,  the  generate 
delivers  current  at  7  to  7i  volts  in  order  to  overcome  the  v<dtag 
of  the  battery  when  fully  charged.  Selecting  7  volts,  we  see  thu 
the  resistance  in  circuit  when  the  current  is  12  amperes  is  7-5- 12,  or . 
ohm  approximately.  Now  when  the  charging  current  is  4  ampere 
we  niu.st  have  7-^4,  or  1.75  ohms  in  circuit;  that  is,  to  reduce  th 
eurrent  from  12  to  4  amperes,  a  resistance  of  1.75— .6,  or  1.15  ohm 
in  list  l)e  inserted.  The  amount  of  resistance  wire  necessary'  to  giv 
tliis  resistance  or  any  other  resistance  necessary'  may  be  found  i 
tal)les  of  wire  sizes  and  resistances  of  special  wire  employed  for  thi 
puqK>se.  The  wire  is  bare  and  must  be  wound  on  the  tube  so  tha 
adjacf^nt  coils  do  not  touch.  An  extreme  instance  is  cited  here.  I 
may  hv.  necc^ssary  in  many  cases  to  reduce  the  charging  rate  by 
very  iniicli  smaller  fraction.  Onlinarily  the  charging  rate  should 
not  1k'  altered. 

Q.  When  the  battery  is  constantly  gassing,  or  ^^boiling" 
as  the  car  owner  usually  puts  it,  what  is  the  trouble? 

A.  It  is  being  constantly  overcharged.  This  will  greatly  reduc 
the  life  of  the  battery,  and  the  charging  rate  should  be  reduced,  a 
mentioned  in  the  preceding  answer.  It  is  essential  that  the  batter 
\w  kept  fully  charged;  but  if  it  is  continually  overcharged,  this  wi] 
ket'p  the  cells  at  an  abnormal  temperature  which  is  injurious  to  th 
plates.  The  battery  treatment  will  vary  w^ith  the  season,  for  th 
denuuul  ou  it  \^  v\\w^\v  Vv^iawT  A>\Yvwf,  ^^\  n^^^nIsx^^  xJcssk.Vxsv'^KjaxDLei 
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Hydrometer  Teits 
Q.    Why  should  the  battery  be  tested  with  the  hydrometer 
.-  at  repilar  intervals  of  a  week  or  so? 

A.  Because  the  specific  gravity  of  the  electrolyte  is  the  most 
ocrtoin  indication  of  the  battery's  condition. 

Q.  What  should  the  hydrometer  read  when  the  battery  to 
ftUly  charged? 

.A.     1.280  to  1.300. 

Q.  What  point  is  it  dai^rous  to  permit  the  ^>eciflc  gravi^ 
of  the  electrolyte  to  fall  below,  and  why? 

A.  1.250;  because  below  this  point,  the  acid  begins  to  attack 
the  plates  and  the  battery  plates  sulphate.  The  lower  the  specific 
gravity,  the  faster  sulphating  takes  place, 

Q.  What  should  be  done  when  the  hydrometer  readhig  to 
1J50  or  lower? 

A.  The  battery  should  be  put  on  charge  immediately,  either 
by  running  the  engine  or  by  charging  from  an  outside  source  of 
current  until  the  gravity  reading  becomes  normal. 

Q.  If  the  hydrometer  reading  of  one  cell  is  lower  than  that 
of  the  others,  what  ^ould  be  done? 

A.  Inspect  the  cell  to  see  if  the  jar  is  leaking;  note  whether 
electrolyte  is  over  the  plates  to  the  depth  of  J  inch  and  whether 
the  electrolyte  is  dirty.  If  these  causes  are  not  apparent,  the  cell 
will  have  to  be  opened  and  inspected  for  short-circuits  from  an  accu- 
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Q.  Why  should  the  voltage  readings  not  be  taken  whQe  th< 
battefy  is  charging? 

A.  Because  the  voltage  of  the  charging  current  (always  ii 
excess  of  six  volts)  will  cause  the  voltage  of  a  battery  in  good  conditioi 
U)  rise  to  normal  or  above  the  moment  it  is  placed  on  charge,  suci 
readings  arc  not  a  good  indication  of  the  battery's  condition. 

Q.    What  should  the  voltage  of  the  cells  be? 

A.  In  any  battery  in  good  condition,  the  voltage  of  each  cell  a 
the  battery's  normal  low  discharge  rate  (5  to  10  amperes,  as  in  carry 
ing  the  lamp  load)  will  remain  between  2.1  and  1.9  volts  until  it  begin 
to  approach  the  discharged  condition.  A  voltage  of  less  than  1 .9  volt 
|x;r  cell  indicates  either  that  the  battery  is  nearly  discharged  or  tha 
it  is  in  bad  condition.  The  same  state  is  also  indicated  when  th< 
I  voltage  drops  rapidly  after  the  load  has  been  on  a  few  minutes. 

<  Joint  Hydrometer- Voltmeter  Test 

i! 

Q.  What  should  the  hydrometer  and  voltmeter  readings  be  for  a 
fully  charged  battery  in  good  condition? 

A.     Ilyclrometer  1.275  to  1.300;  voltage  2  to  2.2  volts  per  cell 

Q.  What  does  a  hydrometer  reading  of  1.200  or  less  with  t 
voltage  of  1 .9  volts  or  less  per  cell  indicate? 

A.  This  shows  that  excess  acid  has  been  added  to  the  electro 
lyto.  TntitT  those  n>nditions,  the  lights  will  burn  dimly  even  thougl 
the  hydrometer  test  alone  would  appear  to  show  that  the  battery  i* 
nion*  than  half  ehargeiL 

Q.    What  does  a  hydrometer  reading  in  excess  of  1 .300  indicate! 

.\.  It  indieates  that  an  exc\*ssive  amount  of  acid  has  been  addec 
to  the  eliM'trolyte,  n^pmlless  of  whether  the  voltage  reading  is  high, 
low,  or  normal. 

Q.  W  here  a  low  voltage  reading  is  found,  bow  can  it  be  deter- 
mined whether  the  batter>'  is  in  t>ad  condition  or  merely  discharged: 

.v.  Stop  the  ilisi^harge  by  switching  off  the  load  ^Iamps>  and  put 
the  battery  on  ehargt\  enmking  the  engine  by  hand.  After  a  fe^ 
minutes  of  charging,  note  whether  the  \oltage  of  each  cell  prompth 
rises  to  J  volt>  or  more.  Any  cells  that  do  not  ar^  probably  short- 
cir\niitt\l  or  otherwise  in  bad  ctnuiition. 

Q.  Ho^  can  a  rough  test  of  the  condition  of  the  batten*  be  nude 
i^ithoul  the  use  o\  axiN  msxxutofe^xs^ 
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A.  On  systems  fitted  with  a  battery  cut-out  in  the  generator 
battery  circuit,  remove  the  cover  of  the  cut-out  (the  generator  being 
stationary)  and  momentarily  close  the  cut-out  points  with  the  finger. 
The  discharge  shown  by  the  ammeter  the  monent  the  points  are 
closed  should  be  anywhere  from  10  to  20  amperes,  differing,  of 
course,  with  different  systems.  In  any  case,  it  should  be  equal  to  or 
greater  than  the  maximum  normal  output  of  the  generator,  provided 
the  battery  is  at  least  three-quarters  charged. 

Q.  What  effect  will  allowing  the  electrolyte  to  fall  too  low  in 
the  cells  have,  apart  from  the  damage  that  it  will  cause  to  the  plates? 

A.  It  will  tend  to  increase  the  voltage  if  the  battery  is  otherwise 
in  good  condition,  and  this  may  be  carried  to  a  point  where  it  will 
bum  out  the  lamps. 

Q.    What  IS  meant  by  "floating  the  battery  on  the  line"? 

A,  This  describes  the  relation  of  the  battery  to  the  generator 
and  lighting  circuits  in  sjstems  where  the  current  for  lighting  is  taken 
directly  from  the  generator  when  running,  any  excess  over  the  require- 
ments of  the  lamps  being  absorbed  bj'  the  battery.  The  moment  the 
generator  speed  falls  below  the  point  where  it  supplies  sufficient  cur- 
rent to  supplj'  all  that  is  needed  for  the  lamps,  the  battery  automati- 
cally supplies  the  balance.  When  the  generator  is  idle,  the  buttery, 
of  course,  supplies  the  current  for  lighting  as  well  as  for  starting. 

Oassing 

Q.    Why  should  the  cell  tops  be  wiped  dry  from  time  to  time 
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Q.    What  is  the  cause  of  gassing? 

A.  When  a  battery  is  charged,  the  wat^  of  the  electroI}1 
is  decomposed  by  the  current  into  gases.  During  the  early  pai 
of  the  charge  these  gases  unite  with  the  active  material  of  the  plate 
but  as  the  charge  proceeds,  more  gas  is  evolved  than  the  plat 
can  take  care  of  and  it  bubbles  up  through  the  electrolyte.  Th 
is  known  as  the  gassing  point,  and  the  temperature  of  the  cell  at 
begins  to  rise  at  that  point. 

Q.    Is  gassing  harmful  to  the  battery? 

A.  The  greatest  wear  on  the  positive  plates  takes  place  duric 
the  gassing  period,  and,  if  carried  too  far,  they  may  be  injured  h 
reaching  a  dangerous  temperature  (105®  F.,  or  over)  which  will  ten 
to  loosen  the  active  material. 

Q.    How  can  gassing  be  checked? 

A.  By  cutting  down  the  charge*  In  some  syst^ns  this  ca 
be  effected  by  the  insertion  of  extra  resistance  provided  for  tl 
purpose.  Where  this  cannot  be  done  and  it  is  necessary  to  kee 
the  car  running,  turn  on  all  the  lamps  or  start  the  engine  once  < 
twice  to  reduce  the  charge  of  the  battery.  As  the  lamps  usual! 
consume  80  to  95  per  cent  of  the  generator  output,  they  should  I: 
sufficient  to  prevent  a  further  overcharge. 

Q.  Can  the  generator  be  disconnected  from  the  battery  i 
i  prevent  overcharge? 

A.  Not  unless  it  is  short-circuited,  as  directed  in  the  instru< 
tions  covering  different  systems.  Otherwise,  it  will  blow  its  fiel 
fuse  or,  where  one  is  not  provided,  bum  out  its  windings,  excep 
in  cases  where  special  provision  is  made  to  guard  against  this. 

Sulphating 

Q.  Why  must  a  battery  never  be  allowed  to  stand  in  a  fully  di^ 
charged  state? 

A.  Because  the  acid  of  the  electrolyte  then  attacks  the  plate 
and  converts  the  lead  into  white  lead  sulphate  which  is  deposite 
on  them  in  the  form  of  a  hard  coating  that  is  impenetrable  to  th 
electrol^-te,  so  that  the  plates  are  no  longer  active.  The  batter 
then  is  said  to  be  sulphated, 

Q.  Can  a  sulphated  battery  be  put  in  good  condition,  and  whs 
treatment  must  be  f\vei\  vl  to  do  ^? 
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A.  If  the  aulphating  has  not  gone  too  far,  the  battery  may 
be  brouf^t  back  to  approximately  normal  condition  by  a  long  heavy 
diarge  at  a  higher  voltage  than  ordinary.  Where  the  battery  has 
become  badly  sulphated,  it  is  preferable  to  remove  it  from  the  car 
Atid  cbai^  horn  an  outude  source  of  current,  as  it  may  require 
several  days  to  complete  the  process.  (Note  instructions  regarding 
the  running  of  the  generator  when  disconnected  from  the  battery, 
ms  otherwise  it  may  be  damaged.)  If  avoidable,  the  car  should  not 
run  with  the  battery  removed.  If  the  battery  has  not  stood  dis- 
durged  for  any  length  of  time,  the  charge  may  be  given  on  the 
car  by  running  steadily  for  8  to  10  hours  with  all  lights  off.  No 
lamps  must  be  turned  on,  as  the  increased  voltage  is  liable  to  bum 
them  out. 

Voltage  Tests 

Q.  What  is  the  purpose  of  the  voltmeter  tn  connection  with  the 
battery? 

A.  It  is  chiefly  useful  for  showing  whether  a  cell  is  short- 
circuited  or  is  otherwise  in  bad  condition. 

Q.  Can  the  voltmeter  alone  be  relied  upon  to  show  the  condition 
of  the  cells? 

A.  No;  like  the  hydrometer,  its  indications  are  not  always  con- 
clusive, and  it  must  be  used  in  conjunction  with  the  hydrometer  to 
insure  accuracy. 

Q.  What  type  of  voltmeter  should  be  employed  for  making 
these  tests? 
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Q.  What  precautioiis  should  be  taken  More  tisinc  flie  vol 
meter? 

A.  Always  see  that  the  place  on  the  battery  connector  select 
for  the  contact  is  bright  and  dean  and  that  the  contact  itsdf  is  fin 
otherwise  the  reading  will  be  misleading  since  the  increased  resistan 
of  a*  poor  contact  will  cut  down  the  voltage. 

Q.    How  is  the  instrument  connected  to  the  batt^y? 

A.  The  positive  terminal  of  the  voltmeter  must  be  brought 
contact  with  the  positive  terminal  of  the  battery  and  the  negati 
terminal  of  the  voltmeter  in  contact  with  the  n^ative  terminal 
the  battery. 

Q.  In  case  the  markings  on  the  battery  are  indistinct,  iiow  a 
the  polarity  be  determined? 

A.  Connect  the  voltmeter  across  any  one  cell.  Should  tl 
pointer  not  give  any  voltage  reading,  butting  against  the  stop  at  tl 
left  instead,  the  connections  are  wrong  and  should  be  reversed;  if  tl 
instrument  shows  a  reading  for  one  cell,  the  positive  terminal  of  tl 
voltmeter  is  in  contact  with  the  positive  terminal  of  the  batter 
This  test  can  be  made  without  any  risk  of  short-circuiting  the  ce 
since  tlie  voltmeter  is  wound  to  a  high  resistance  and  will  pass  ve 
little  current.  Such  is  not  the  case  with  the  meter,  which  shou 
never  be  used  for  this  purpose. 

Q.  When  the  battery  is  standing  idle,  what  is  the  cell  voltaj 
and  why  is  this  not  a  good  test? 

A.  Approximately  two  volts,  regardless  of  whether  the  batte: 
is  fully  charged  or  not.  Voltage  readings  taken  when  the  battery  is  ( 
open  circuit,  i.e.,  neither  charging  nor  discharging,  are  only  of  vali 
when  the  cell  is  out  of  order. 

Q.  If  the  battery  is  in  good  condition  and  has  sufficient  charg 
what  should  the  voltmeter  reading  show? 

A.  Using  the  lamps  for  a  load,  the  voltage  reading  after  the  loj 
has  been  on  for  five  minutes  or  longer  should  be  but  slightly  low^ 
(about  .1  volt)  than  if  the  battery  were  on  open  circuit. 

Q.  When  one  or  more  cells  are  discharged,  what  will  the  rea< 
Ing  show? 

A.  The  voltage  of  these  cells  will  drop  rapidly  when  the  load 
first  put  on  and  sometimes  even  show  reverse  readings,  as  when  a  a 
is  out  of  order . 
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Q.  What  wQI  the  voltmeter  indicate  when  the  battery  is  nearly 
disdiarsed? 

A.  The  voltage  of  each  cell  will  be  considerably  lower  than  if  on 
open  circuit  after  the  load  has  been  on  for  five  minutes  or  more. 

Q.  How  can  the  difference  be  distinguished  between  cells  that 
are  merely  discharged  and  those  that  are  in  bad  condition? 

A.  Put  the  battery  on  charge,  cranking  the  engine  by  hand  to 
start,  and  test  again  with  the  voltmeter;  if  the  voltage  does  not  rise  to 
ai^)roximately  2  volts  per  cell  within  a  short  time,  it  is  evidence  that 
there  is  internal  trouble  which  can  be  remedied  only  by  dismantling 
the  cell. 

Q.    What  effect  has  the  temperature  on  voltage  readings? 

A.  The  voltage  of  a  cold  battery  rises  slightly  above  normal  on 
diarge  and  falls  below  normal  on  discharge.  This  last  is  one  of  the 
diief  reasons  for  its  decreased  efficiency  in  cold  weather. 

Q.  What  is  the  normal  tenq>erature  of  the  battery  and  to  what 
does  this  refer? 

A.  The  normal  temperature  of  a  battery  is  considered  at  70°  F., 
but  this  refers  to  the  temperature  of  the  electrolyte  in  the  battery  as 
shown  by  a  battery  thermometer  and  not  to  the  temperature  of  the 
surrounding  air.  If  the  battery  has  been  charging  at  a  high  rate  (or 
some  time,  it  may  be  normal  even  though  the  weather  be  tlose  to  ztTii 
at  the  time. 
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starting  condition,  or  if  it  has  been  subjected  to  short-circuits  by 
grounding  or  by  dropping  tools  on  its  terminab,  the  plates  will 
disintegrate  much  quicker  than  where  proper  treatment  has  been 
given  it.  With  the  old-style  jar,  only  an  inch  or  so  is  allowed  to 
hold  this  accumulation  of  sediment  below  the  plates,  while  in  later 
types  fully  3  inches  or  more  are  allowed  in  the  depth  of  the  cell  for 
this  puqjose.  A  battery  with  jars  of  the  latter  t\T)e  that  has  been 
cared  for  properly  should  not  require  washing  out  under  two  years. 
The  procedure  is  the  same  as  that  given  for  removing  the  e£Pects  of 
impure  water.    The  plates  must  never  be  allowed  to  dry. 

Washing  the  Battery 

Q.    What  is  meant  by  washing  the  battery,  and  why  is  it 

necessary? 

A.  Washing  a  battery  involves  cutting  the  cells  apart,  wash- 
ing the  elements  and  the  jars,  and  reassembling  with  new  separators 
and  new  electrolyte.  It  is  necessary  to  prevent  the  accumulation 
of  sediment,  consisting  of  active  material  shaken  from  the  plates, 
to  a  ])()int  where  it  will  touch  them  and  thus  cause  a  short-circuit. 

Q.     How  often  is  it  necessary  to  wash  a  battery? 

A.  This  will  depend  on  the  type  of  c*ell  in  the  battery  and  the 
age  of  the  latter.  If  the  battery  has  the  modern-style  jar  with  extra 
deep  nuid  space,  it  probably  will  not  be  necessary  to  wash  it 
until  it  has  seen  two  to  three  seasons*  use.  With  the  older  form 
of  cell  in  which  the  space  allowed  for  sediment  is  much  less,  washing 
doubtless  will  be  necessary  at  least  onc*e  a  season.  As  the  batterv 
a^es,  it  will  be  necessary  to  wash  it  oftener. 

Q.  What  other  causes  besides  the  type  of  jar  and  the  age  of 
the  battery  influence  the  frequency  with  which  it  is  necessary  to 
wash  the  battery? 

A.  The  treatment  the  battery  has  rec*eived.  If  it  has  been 
abused  by  overcharging  and  permitting  the  cells  to  get  too  hot, 
the  active  material  will  be  forced  out  of  the  grids  much  sooner. 

Q.     How  can  the  necessity  for  washing  be  determined? 

A.  The  presence  of  one  or  more  short-circuited  cells  in  a 
battery  that  has  not  been  washed  for  some  time  will  indicate  the 
necessity  for  it.  Each  cell  should  be  tes>ted  separately  with  the 
low-reading   voltmeter;   a  short-circuited   cell   will  either  give  no 
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'V<rftage  reading  or  one  much  below  that  of  the  others.  Cut  such 
a  cell  out  and  open  it;  if  the  short-circuit  has  been  caused  by  an 
accumulation  of  sediment,  the  others  most  likely  are  approachii^ 
the  same  condition. 

Q.    How  is  a  battery  washed? 

A.  By  cutting  the  cells  apart,  unsealing  them,  and  lifting  out 
the  elements  which  should  be  immersed  immediately  in  a  wooden 
tub  of  clean  pure  water.  The  separators  then  are  lifted  out  and 
the  poMtive  and  negative  groups  of  plates  separated,  but  they  must 
be  marked  so  that  the  same  groups  may  go  back  in  the  right  cells. 
Before  dbposing  of  the  old  electrolyte,  its  specific  gravity  should 
be  noted,  as  new  electrolyte  of  the  same  density  must  be  used. 
The  plates  should  be  washed  in  copious  running  water  for  several 
hours,  but  their  surfaces  must  never  be  expose<l  to  the  air.  Reas- 
semble with  new  separators,  fill  the  jars  with  fresh  electroljte  of 
the  same  specific  gravity  as  that  discanled,  and  keep  the  elements 
under  water  until  ready  to  place  in  the  jars,  which  then  should  be 
sealed  and  the  lead  connectors  burne<l  together  again. 

Give  a  long  slow  charge  after  reassembling.  The  battery  will 
not  regain  its  normal  capacity  until  it  lias  been  charged  and  dis- 
charged several  times. 


Q.    Why  should  lead  connectors  be  employed,  and  why  is 
it  necessary  to  burn  them  together? 
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wire.  It  will  either  be  bumed  up  in  a  flash  or  it  will  cut  down  t 
amount  of  cuireat  from  the  battery,  thus  causing  unsatisfactt 
operation. 

Buckled  Plates 

Q.    What  is  the  cause  of  badly  disbttegrated  or  buckled  plati 

A.  Sudden  discharge  due  to  a  short-circuit  or  to  consfa 
abuse  of  the  starting  motor  on  an  insufficiently  charged  battery. 

Q.    Is  there  any  remedy  for  such  a  conditiofl? 

A.  If  the  plates  are  not  badly  buckled  and  have  not  lost  mi 
of  their  active  material,  the  ceUs  may  be  put  in  service  again 
washing  and  reassembling  as  described,  but  if  there  is  any  ci 
siderable  loss  of  active  material,  new  plates  will  be  necessary. 

Low  Battery 

Q.    What  are  the  indicatioiis  of  a  low  batteiy? 

A.  The  starting  motor  fails  to  turn  the  engine  over,  or  does 
very  slowly,  or  only  a  part  of  a  revolution.  The  lights  bum  very  dim 
Tlie  hydrometer  shows  a  specific-gravity  reading  of  1.250  or  It 
Voltmeter  test  shows  less  than  5  volts  for  a  3-ceII  batterj'  (for  grea 
number  of  cells,  in  proportion) ,  or  1 .75  volts  or  less  for  each  cell. 

Q.    What  are  the  causes  of  a  low  battery? 

A.  The  electrolyte  not  covering  the  plates,  or  being  1 
weak  or  dirtj'.  A  short-circuit  in  the  battery  due  to  the  accumulati 
(if  sediment  reaching  the  bottom  of  the  plates.  An  excessive  lai 
toad,  all  lights  being  burned  constantly  with  but  little  dayli( 
running  the  car.     Generator  not  charging  properly. 

Specific  Qravity;  Voltage 

Q.  What  are  the  specific  gravity  and  volti^e  of  fully  discharg 
and  fully  charged  cells? 

.\.  Total  discharge:  1.140  to  1 .170  on  the  hydrometer;  and  1. 
to  1  .s')  \olts on  the  voltmeter.  FuHj- charged :  1 .276  to  1.300 speci 
gravity;  2.35  to  2,55  volts. 

Q.    Are  these  readings  always  constant  for  the  same  condition 

A.  No.  The  charging  voltage  readings  will  vary  with  t 
temperature  and  the  age  of  the  cell;  the  higher  the  temperati 
and  the  oWer  t\\e  ceW  ftv«.  Vt-wet  '^eir,  NtJ&ase^  -^^N*;.  ■'Stsiinsaisrf 
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teadings  also  depend  oa  the  temperature  to  some  .extent.  For 
way  ten  degrees  Fahrenheit  rise  in  temperature,  the  specific  gravity 
reading  will  drop  .003  or  three  points,  and  vice  versa. 

Q.    Under  what  conditions  should  voltage  tests  be  made? 

A.  Only  when  the  battery  is  either  charging  or  discharging. 
Readings  taken  when  the  battery  is  idle  are  of  no  value. 

Q.    Under  what  conditions  should  hydrometer  tests  be  made? 

A.  The  electrolj-te  must  be  half  an  inch  over  the  plates  ami 
it  must  have  been  thoroughly  mixed  by  being  subjected  to  a  cliargc. 
Hydrometer  readings  taken  just  after  adding  water  to  the  cells 
are  not  dependable. 

Q.    When  should  acid  be  added  to  the  electrolyte? 

A.  As  the  acid  in  a  battery  cannot  evaporate,  the  electrolyte 
should  need  no  addition  of  acid  during  the  entire  life  of  the  battery 
uoder  normal  conditions.  Therefore,  if  no  acid  has  leaked  or  splushed 
out  and  the  specific  gravity  is  low,  the  acid  must  be  in  the  plates 
in  the  form  of  sulphate  and  the  proper  specific  gravity  must  be 
restored  by  giving  the  battery  an  overcharge  at  a  low  charging  rate. 

Q.  What  does  a  specific  gravity  in  some  cells  lower  than 
in  others  indicate? 

A.  Abnormal  conditions,  such  as  a  leak>-  jar,  loss  of  acid 
through  slopping,  impurities  in  the  electrolyte,  or  a  sliort-circuit. 

Q.    How  can  it  be  remedied? 

A.  Correct  the  abnormal  conditions,-  and  then  nvcrdiarge 
the  cells  at  a  low  rate  for  a  long  period,  or  until  the  specific  gravity 
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charging,  it  may  be  necessary  to  continue  the  overcharge  for  10 
15  hours  longer.  Should  the  specific  gravity  exceed  1.300  at  t 
end  of  the  charge,  draw  off  a  small  amount  of  electrolyte  with  t 
sjTinge  from  each  cell  and  replace  with  distilled  water.  If  hda 
1 .270,  proceed  as  mentioned  above  for  addition  of  acid. 

Charging  from  Outside  Source 

Q.    What  is  meant  by  charging  from  an  outside  source? 

A.     A  source  of  direct  ciuxent  other  than  the  generator 
the  car. 

Q.  Why  is  it  necessary  to  charge  flie  battery  from  an  outsi 
source? 

A.  When  the  battery  has  become  sulphated,  has  been  standi 
file  for  any  length  of  time,  or  has  been  run  down  from  any  otl 
cause  so  that  it  is  out  of  condition,  a  long  charge  at  a  uniform  n 
is  necessarv,  and  it  would  seldom  be  convenient  to  run  the  car  : 
8  or  10  hours  steadily  simply  to  charge  the  battery;  frequently 
longer  charging  period  than  this  is  necessary. 

Q.    How  is  charging  from  an  outside  source  effected? 

A.  This  will  depend  upon  the  equipment  at  hand  and  the  nati 
of  the  supply,  i.e.,  whether  alternating  or  direct  current.  If  1 
current  is  alternating,  a  means  of  converting  it  to  direct  current 
necessary,  such  as  a  motor-generator,  a  mercury-arc  rectifier,  chei 
cal  or  vibrating  type  of  rectifier.  These  are  mentioned  about  in  1 
order  of  the  investment  involved.  In  addition,  a  charging  panel 
needed  to  complete  the  equipment,  this  panel  being  fitted  w: 
switches,  voltmeter,  and  ammeter,  and  a  variable  resistance  for  re[ 
lating  the  charge.  Where  direct-current  service  is  obtainable  at  1 
i  or  220  volts,  the  rectifier  is  unnecessary. 

Q.  How  can  a  battery  be  charged  from  direct-current  serv: 
mains  without  a  special  charging  panel? 

A.  By  inserting  a  double-pole  single-throw  switch  and  10-  or ' 
ampere  fuses  on  taps  from  the  mains  and  ordinary  incandesce 
lamps  in  series  with  the  battery  to  reduce  the  voltage,  Fig.  4( 

Q.    How  many  lamps  will  be  needed? 

A.  This  will  depend  upon  their  character  and  size,  as  w 
^  upon  the  amount  of  charging  current  necessary.  For  a  10-amp 
charge  !or  a  &-vo\t  'gX.o\^%<&  \i^\XRt^ ,  ^k^^^  Wft-NvAt.  VQO-watt  ( 
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^^p.)  carbon-filament  lamps,  or  their  equivalent,  will  be  needed; 
BlLc,  fourteen  110-volt  50-watt  (16  c.p.)   carbon-filament  lamps; 
■fifteen  110-volt  40-watt  tungsten  lamps,  or  twenty-eight  110-volt 
BaS-watt  tungsten  lamps.     For  a  ■ 
P  12-volt  or  24-volt  battery  the  number  ■ 
"    td  lamps  will  have  to  be  decreased 
in  proportion  in  order  not  to  cut  the 
voltage  of  the  supply  current  below 
that  of  the  battery.    For  220-volt  d.c. 
upply  mains,  if  a  thrre-wire  system  is 
coployed,  the  t»ps  should  be  taken 
rom  the  center  wire  and  one  outdde 
^e;  this  will  give  110  volts.     If  the 
is   220-volt   two- wire,   more 
mps  will  be  needed  to  reduce  the 
■Voltage,  which  should  exceed  that  of 
'  the  battery  by  only  Ij  to  2  volta  ex- 
cept where  a  high  voltage  charge  to 
overcome  sulphating  is  being  given,  in 
which  case  it  may  be  slightly  higher. 
Q,    Where  no  outside  source 
of  current  is  available,  or  where  no 
rectifier  is  at  hand  to  convert  al- 
ternating current,  how  can  the 
battery  be  given  the  long  charge 
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make  certain  that  the  battery  will  be  charged  in  the  proper 
direction. 

Q.    How  can  this  be  done? 

A.  If  a  suitable  voltmeter  is  at  hand,  i.e.,  one  of  the  proper 
voltage  for  the  110- volt  current,  connect  it  to  the  mains.  If  the 
needle  does  not  move  over  the  scale  but  shows  a  tendency  to  butt 
against  the  stop  pin  at  the  left,  reverse  the  connections.  The  needle 
will  then  give  a  proper  reading  and  the  positive  connection  to  the 
meter  must  be  used  for  the  positive  side  of  the  battery.  Should  no 
voltmeter  of  the  right  voltage  be  available,  connect  two  short  wires 
with  bared  ends  to  the  fused  end  of  the  switch.  Dip  the  bared  ends 
of  the  wire  in  a  glass  of  water,  being  careful  to  keep  them 
at  least,  an  inch  part.  When  the  switch  is  closed,  fine  bubbles 
will  he  given  off  by  the  wire  connected  to  the  negative  side.  The 
battery  terminals  are  stamped  Pos.  and  Neg.,  and  the  connec- 
tions should  be  made  accordingly. 

Intermittent  and  Winter  Use 

Q.    What  should  be  done  with  an  idle  battery? 

A.  If  it  is  to  be  idle  for  any  length  of  time,  as  where  the  car 
is  to  be  stored,  it  should  be  given  a  long  overcharge  as  described 
above  before  being  put  out  of  service.  Fill  the  cells  right  to  the  top 
with  distilled  water  to  allow  for  evaporation  and  absorption  of 
acid  l>y  the  plates.  Give  the  battery  a  freshening  charge  at  a  low 
rate  once  a  month.  Discharge  the  battery  and  re-charge  before 
putting  it  into  service  again.  If  it  has  stood  out  of  service  for  a 
long  period,  the  battery  will  be  found  at  a  low  efficiency  point  and 
will  not  reach  its  maximum  capacity  again  until  it  has  had  several 
charges  and  discharges. 

Q.  Does  cold  weather  have  any  effect  on  the  storage 
batterv? 

A.  It  causes  a  falling  off  in  its  efficiency.  If  not  kept  charged, 
the  electrolyte  will  freeze  under  the  following  conditions:  battery 
fully  discharged,  sp.  gr.  1.120,20°  Fahrenheit;  battery  three-quarters 
discharged,  sp.  gr.  1.160,  temperature  zero;  half  discharged,  sp.  gr. 
1.210,  20  degre(\s  below  zero;  one  quarter  discharged,  sp.  gr.  1.260, 
00  degrees  below  zero.  When  storing  away  for  the  winter,  the  bat- 
tery must  either  l)e  kept  charged  or  put  where  the  temperature 
does  not  go  lower  than  20  degrees  above  zero. 

792 
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Ediaon  Battery 
Q.    Is  it  ever  necessary  to  wash  out  an  Edisoa  t>attery? 

A.  No.  The  ceOa  are  pemummtly  sealed,  as  the  active 
material  cannot  escape  from  its  contiuners. 

Q.  Do  all  of  the  fmegoing  Instructions  apply  to  the  Edison 
as  well  as  to  the  lead-plate  battery? 

A.  No,  The  Edison  lequires  very  little  attention,  practically 
the  only  care  necessary  being  to  keep  the  cars  replenished  with 
distilled  water  at  intervals. 

Charging  rates  (or  Edison  cells  are  given  in  the  article  on 
Electric  Automobiles.  S.A.E.-standard  instructions  for  lead-plato 
cells  are  also  given  in  the  same  article. 
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